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SECTION  1 


INTRODUCTION 

The  Codex  Speech  Digitizer  advanced  development  models,  supplied  under  Contract 
DCA100-76-C-0026,  code  speech  at  rates  of  16  and  9.6  kbps  using  three  selectable 
techniques:  adaptive  residual  coding  (ARC),  digitally  implemented  continuously  var- 

iable slope  modulation  (CVSD) , and  adaptive  delta  modulation  (ADM). 

The  design  is  implemented  on  two  circuit  assemblies  and  is  contained  within  a 
standard  attache  case  along  with  attendant  power  supply  and  handset.  An  optional 
rack-mounting  kit  is  provided. 

Contents  of-  this  Final  Report  are  summarized: 


Section 

1 

Introduction 

Section 

2 

Theory  of  Operation 
(Includes  design  algorithms) 

Section 

3 

Hardware  Design 

(Includes  circuit  descriptions  and  programs) 

Section 

4 

Operation 

(For  operator/installer) 

Section 

5 

Acceptance  Test  Procedure 

Section 

6 

Parts  Listings 

TABLE  1-1.  INPUT/OUTPUT  SPECIFICATIONS 


Input  Impedance 
Maximum  Input  Level 
Output  Impedance 
Maximum  Output  Level 
Frequency  Cut-off 


600  ohms 
3V,  p-p 
600  ohms 
3V,  p-p 

3000  Hz,  Transmit 
and  Receive 


SECTION  2 


I 


2.1 


GENERAL 


THEORY  OF  OPERATION 


This  section  summarizes  the  theory  of  operation  and  describes  the  algorithms 
implemented  in  the  Codex  speech  digitizer.  For  a more  detailed  description  of  the 
theoretical  background  refer  to  section  2 of  our  first  quarterly  report1  on  contract 
no.  DCA  100-74-C-0053. 


The  Codex  speech  digitizer  is  capable  of  coding  speech  into  a bit  stream  at 
9.6  and  16  kb/s  using  one  of  the  following  three  techniques:  adaptive  residual 

coding  (ARC) » continuous  variable-slope  delta  modulation  (CVSD)  and  adaptive  delta 
modulation  (ADM) . 


The  adaptive  residual  coder  uses  the  type  of  waveform  coding  generally  known 
as  adaptive  differential  pulse  code  modulation  2”4  (ADPCM) . However,  it  combines 
non-uniform  multilevel  adaptive  quantization  with  a two-loop  step-size  adaptation 
algorithm  and  variable-length  coding  to  achieve  a subjective  quality  better  than 
previous  schemes  at  lower  transmission  rates.  All  elements  of  the  system  are  self 
synchronizing  and  robust  against  high  channel  error  rates. 

CVSD  and  ADM  are  variants  of  delta  modulation,  using  a two- level  (binary) 
quantizer  and  a sampling  rate  equal  to  the  bit  rate,  with  two  different  algorithms 
for  quantizer  step  size  adaptation. 

A functional  description  of  the  system  and  a simple  block  diagram  illustrate 
the  basic  operations  performed  in  the  speech  digitizer. 

Section  2.3  deals  with  the  adaptive  quantizer,  which  is  the  most  important 
system  element.  The  two-loop  update  procedure  used  in  the  ARC  mode  allows  the  step 
size  to  expand  rapidly  on  the  onslaught  of  voiced  sounds  and  pitch  pulses,  while 
minimizing  granular  noise  during  stationary  intervals. 


Variable-length  codes  for  efficient  transmission  of  the  quantized  residual  at 
9.6  and  16  kb/s  are  given  in  Section  2.4,  together  with  a buffer  management  scheme 
to  cope  with  the  potential  problems  that  arise  in  the  use  of  variable-length  codes. 

The  algorithms  used  for  CVSD  and  ADM  are  presented  in  Section  2.5. 

2.2  SYSTEM  STRUCTURE 

The  block  diagram  of  the  speech  digitizer  for  adaptive  residual  coding  is 
shown  in  Figure  2-1.  Input  speech  from  a telephone  handset  or  microphone  passes 
through  a low-pass  filter  and  is  sampled  at  a rate  twice  the  bandwidth  of  the  fil- 
ter. Linear  predictions  p^  based  on  N previous  reconstructed  samples  s' 
i=l,...,N  are  subtracted  from  the  input  speech  samples  s^  to  give  the  residuals 
e^.  The  quantizer  outputs  are  the  normalized  levels  representing  quantized 
residuals  e£  = T^  where  T^  is  the  quantizer  step  size.  This  step  size  is  up- 

dated for  each  sample  in  the  quantizer  control  circuitry  on  the  basis  of  the  pre- 
vious quantizer  output.  The  reconstructed  speech  samples  are  just  the  sum  of  the 
quantized  residuals  and  the  predictions.  Finally,  quantizer  outputs  are  encoded 

in  a variable-length  coder  and  placed  in  a first-in  first-out  (FIFO)  buffer,  whence 

* 

they  are  clocked  out  onto  the  line  at  9.6  or  16  kb/s.  At  the  receiver,  received 
bits  are  clocked  into  a FIFO  buffer,  whence  they  are  removed  and  decoded  into  quan- 
tizer levels  Jl^.  Reconstructed  samples  s£  are  computed  from  the  levels  as  in  the 
transmitter,  and  are  passed  through  a D/A  and  low-pass  filter  to  a telephone  hand- 
set or  speaker. 

Since  the  speech  digitization  method  consists  of  coding  adaptively  quantized 
residuals,  it  has  been  called  the  adaptive  residual  coder5*6  (ARC). 

Our  earlier  work  on  adaptive  predictors1’7  showed  that  while  such  a predictor 
would  substantially  increase  the  complexity  of  the  ARC,  the  gain  in  signal-to-quan- 
tization  noise  ratio  it  provided  was  only  1 to  1.5  dB.  Moreover,  informal  listen- 
ing tests  of  simulated  systems  with  adaptive  and  fixed  predictors  indicated  little 
difference  in  subjective  speech  quality. 
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Therefore,  the  following  simple  third  order  fixed  predictor  was  implemented  in 
the  Codex  speech  digitizer.  The  prediction  p^  is  given  by 

pk  = Blsk-1  * B2sk-2+B3sk-3’ 

The  particular  values  of  B^,  and  B^  are  based  on  the  average  correlation  coeffi- 

cients of  speech  at  a sampling  rate  around  6000  samples/sec  and  have  been  rounded 
off  for  ease  of  implementation,  as  explained  in  section  3. 

Since  the  average  correlation  coefficients  of  speech  are  dominated  by  the 
higher-level  voiced  sounds,  the  fixed  predictor  coefficients  B^,  B^  and  B^  are  far 
from  optimum  for  low-level  unvoiced  sounds,  such  as  fricatives.  In  fact,  for  these 
sounds  the  variance  of  the  residual  (or  error  signal  e^)  may  be  higher  than  the  in- 
put signal  variance  resulting  in  greater  quantization  noise.  We  have  attempted  to 
overcome  this  drawback  by  effectively  forcing  B^,  B^  and  B^  and  hence  p^  to  zero 
for  low-level  sounds  and  background  noise  indicated  by  a small  quantizer  step  size. 

2.3  ADAPTIVE  QUANTIZER 

Figure  2-2  illustrate^  typical  parameters  for  5-  and  7-  level  quantizers  used 
for  9.6  and  16  kb/s  ARC  systems,  respectively.  The  slicing  levels  or  thresholds 
are  represented  by  short  vertical  lines  whereas  stars  indicate  the  quantizer  output 
levels.  T^  is  the  current  quantizer  scale  factor,  or  step  size. 

The  quantizers  are  nonuniform  to  take  advantage  of  the  amplitude  distribution 
of  the  residual.  We  chose  a quantizer  with  an  odd  number  of  levels  for  both  rates 
to  ensure  that  the  zero  level  was  included.  The  presence  of  the  zero  level  tends  to 
eliminate  the  idle  channel  noise  characteristic  of  two- level  quantizers  used  in 
delta-modulation  systems.  Another  feature  of  the  quantizers  of  Figure  2-2  is  the 
inclusion  of  two  'extra'  outer  levels  which  are  relatively  farther  removed  from  the 
other  levels.  This  was  originally  proposed  by  Cohn  and  Melsa6,  who  have  called  the 


technique  PCQ  (pitch  compensated  quantizer) . 
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The  occurrence  of  the  PCQ  levels  is  used  as  a cue  to  overload  distortion  and  we 
respond  by  rapidly  expanding  the  quantizer  step  size  T^.  At  other  times  is  adap- 
ted at  a syllabic  rate  in  response  to  changes  in  the  average  signal  level,  as  ex- 
plained below. 

Syllabic  adaptation  can  be  achieved1*7  by  choice  of  expansion/contraction  fac- 
tors M (.)  in  the  following  update  algorithm  proposed  by  Jayant8: 

T.  = T.  M (111.  I). 
k+1  k V|  k1' 

For  an  ADPCM  system  Jayant  selected  the  multipliers  M(.)  corresponding  to  a small 
update  time  constant  to  allow  the  quantizer  to  respond  rapidly  to  changes  in  the  in- 
put level.  Thus,  severe  overload  distortion  is  avoided,  at  the  expense  of  substan- 
tial granular  noise.  On  the  other  hand,  if  multipliers  close  to  unity  are  used  to 
achieve  syllabic  companding,  there  is  a noticeable  though  somewhat  less  annoying  de- 
gradation due  to  overload  distortion.  We  use  a Jayant  loop  of  the  latter  type,  but 
compensate  for  this  distortion  by  increasing  T^  through  a second  correction  factor 

which  is  rapidly  increased  on  the  occurrence  of  a PCQ  level  and  decays  to  unity  with 

* 

a small  time  constant.  Thus,  with  this  two-loop  algorithm  we  permit  the  quantizer 
to  track  short  term  increases  ir.  the  input  level  while  keeping  the  granular  noise 
during  stationary  sounds  to  a minimum. 


Another  important  aspect  of  any  adaptive  quantizer  is  the  minimum  or  bottom  of 
the  step  size.  The  bottom  must  be  small  enough  to  faithfully  reproduce  low-level 
unvoiced  sounds  but  large  enough  to  block  out  noise  during  silence  intervals.  Thus 
a compromise  value  must  be  selected. 

We  now  present  the  quantizer  adaptation  algorithm.  To  avoid  multiplications  in 
the  algorithm  we  define  a logarithmic  step-size  parameter 


G 


k 


and  set 


= log2  Tk 


g.  = g:  + c 

k k 


r ♦ g . 

k min . 
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The  constant  G . determines  the  quantizer  bottom.  The  term  G,  is  updated  at 
min  k r 

a syllabic  rate  according  to 
Gk*l  = cGk  * fl  ^k^ 

where  f^(.)  are  small  as  indicated  by  the  typical  values  shown  in  Figure  2-2.  The 
correction  term  is  updated  according  to 

Ck.l  ■ < * f2  <l*kl) 

where  f^CO  is  zero  for  all  but  the  outermost  levels  for  which  it  is  relatively 
large.  With  y = 3/4  (1  - 2’m-  in  the  notation  of  section  3),  C decays  to  zero 
with  a time  constant  of  2m^  = 4 samples. 

To  make  the  algorithm  robust  against  channel  errors  £ is  selected  as  127/128 
Q - 2”mi  in  the  notation  of  section  3) , which  ensures  that  the  effect  of  an  incor- 
rect update  at  the  receiver  due  to  a channel  error  will  decay  exponentially  with  a 
time  constant  of  1/(1  - S)  = 2ml  = 128  samples. 

Further,  a small  constant  T is  added  to  T,  to  achieve  more  freedom  in  sel- 

min  k 

ecting  the  minimum  value  of  the  quantizer  step  size  (see  section  3.  ). 

2.4  VAR I ABLE -LENGTH  CODES  AND  BUFFER  MANAGEMENT 

Having  set  up  an  adaptive  quantizer,  attention  can  now  be  focused  on  coding  the 
quantizer  output  levels  for  transmission  to  the  receiver. 


Table  2-1  lists  the  typical  probabilities  obtained  in  the  adaptive  residual 
coder  for  the  7-  and  5-  level  quantizers  omitting  silence  intervals.  The  source 
entropies,  H,  for  these  quantizers  are  2.42  and  1.53  bits  per  sample  (see  Table  2-1). 
Thus,  transmission  rates  of  16  kb/s  and  9.6  kb/s  can  be  achieved  by  properly  de- 
signed variable-length  codes  at  sampling  rates  of  6400  and  6000  samples/s,  res- 
pectively. 

Variable- length  codes  imply  the  use  of  a buffer,  which  necessitates  a buffer 
management  scheme  to  handle  initial  synchronization,  underflow  and  overflow.  To 
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this  end  we  have  chosen  self-synchronizing  codes;  that  is,  the  receiver  is  able  to 
properly  partition  the  received  bit  sequence  into  code  words,  both  initially  and 
after  channel  errors.  Moreover,  we  provide  a filler  word  in  the  codes  to  prevent 
transmit  buffer  underflow.. 

At  16  kb/s,  prefix  Huffman  codes  turn  out  to  be  reasonably  efficient.  The  one 
given  in  Table  2-1  (average  code  word  length  Z = 2.47)  was  selected  for  its  good 
synchronization  properties.  The  code  is  complete,  so  the  decoder  can  parse  any  bit 
stream  into  code  words.  The  synchronization  sequence  is  010;  that  is,  the  receiver 
can  start  parsing  at  any  point  and  as  soon  as  010  occurs  it  will  be  in  the  same 
state  as  the  transmitter,  namely  at  the  end  of  the  word.  Since  the  code  for  the 
'O'  level  is  10,  the  synch  sequence  appears  frequently. 

At  9.6  kb/s  the  PCQ  levels  P+  and  P_  which  have  small  probabilities  of  occur- 
rence, make  efficient  encoding  difficult.  A normal  prefix  Huffman  code  leads  to  an 
average  codeword  length  about  0.12  bits  greater  than  the  source  entropy,  making  it 
impossible  to  achieve  a transmission  rate  of  9.6  kb/s  at  6000  samples/s.  Conse- 
quently the  variable- input .variable-output  code  shown  as  the  two  codes  1 and  2 in 
Table  2-1  has  been  devised.  Code  1 is  used  at  all  times,  except  that  after  a 
level  has  been  sent  in  code  1,  code  2 is  used  on  the  following  time;  in  other  words 
a 0 is  inserted  after  every  pair  of  levels.  Since  0 occurs  only  at  the  end  of 
code  words,  the  receiver  automatically  synchronizes  itself  every  time  a 0 is  re- 
ceived. The  code  is  uniquely  decipherable,  and  decoding  is  simply  a matter  of 
counting  the  number  of  ones  before  the  0 that  terminates  every  codeword  except  the 
filler.  Encoding  is  also  straightforward. 

The  buffer  management  scheme  is  simply  the  following.  At  the  transmitter  the 
filler  word  is  inserted  whenever  the  buffer  is  empty.  If  the  buffer  fills  up,  the 
drastic  step  of  transmitting  the  code  word  corresponding  to  the  zero  level  at  9.6 
kb/s  is  taken.  At  16  kb/s  the  quantizer  need  only  be  restricted  to  the  three  inner- 
most levels,  since  the  length  of  the  code  words  corresponding  to  these  levels  is 
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ENSURE  RECEIVE  BUFFER  FULL  WHEN  FILLER  WORD  RECEIVED(IF  NOT,  SUPPRESS 
BUFFER  OUTPUT  ANp  SUBSTITUTE  0 WORDS  UNTIL  FULL) 


less  than  the  channel  transmission  rate  of  2 1/2  or  2 2/3  bits  per  sample 


At  the  receiver,  initial  synchronization  is  achieved  by  ensuring  that  the  buf- 
fer is  'full'  when  the  filler  word  is  received.  If  the  buffer  is  not  'full'  and  a 
filler  is  received,  the  regular  decoding  cycle  (buffer  unloading)  is  suppressed  and 
the  zero  quantizer  level  is  substituted.  This  tends  to  fill  the  receiver  buffer  to 
the  proper  depth  at  startup,  and  is  the  only  synchronization  method  provided.  Sub- 
sequently, receive  buffer  overflows  or  underflows  should  not  occur  in  the  absence 
of  channel  errors.  If  the  receive  buffer  underflows  after  channel  errors  the  quan- 
tizer level  is  forced  to  zero.  In  the  event  of  receive  buffer  overflow,  no  special 
action  is  taken  and  the  affected  samples  are  simply  deleted  or  garbled. 

Thus,  with  very  little  sacrifice  in  code  efficiency  (due  to  the  addition  of 
the  filler  word)  this  simple  buffer  management  procedure  avoids  any  special  initial 
synchronization  sequence  or  handshaking. 

2.S  DELTA  MODULATION 

The.  block  diagram  for  delta  modulation  is  similar  to  the  ARC  system  diagram 
shown  in  Fig.  2-1.  The  main  differences  are  that  the  sampling  rate  is  now  9.6  or 
16  kb/s  depending  on  the  selected  bit  rate,  the  quantizer  is  binary  (two-level)  and, 
therefore,  the  encoder  and  decoder  are  no  longer  required.  Moreover,  a first-order 
predictor  (single  integrator  in  analog  implementations)  is  usually  employed. 

In  the  following  sections  we  present  the  algorithms  for  CVSD  and  ADM. 

2.5.1  Continuous  Variable-Slope  Delta  Modulation  (CVSD) 

CVSD  has  evolved  from  the  work  of  Greefkes  and  DeJager9  and  others.  The  quan- 
tizer step  size  in  CVSD  is  adapted  smoothly  in  time  with  a time  constant  of  the  or- 
der of  5 ms  resulting  in  robustness  against  channel  errors. 

Conventional  analog  implementations  of  CVSD  suffer  from  the  drawback  of  sen- 
sitivity to  component  tolerances  and  DC  offsets  leading  to  the. selection  of  a 

! j 
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smaller  than  desirable  value  for  the  ratio  of  the  maximum  to  minimum  step  size. 

The  Codex  speech  digitizer  provides  a digital  implementation  of  CVSD  with  an  impro- 
ved choice  of  parameters. 


As  in  ARC,  the  prediction  pk>  based  on  the  previous  reconstructed  speech 
sample  s'  is  subtracted  from  the  input  speech  sample  to  find  the  error  signal  e^.. 
Thus, 


where 


ek  = sk  ' pk’ 
pk  = Blsk-1 


with  a constant  of  the  form  l-2_n  close  to  1.  Thus,  the  time  constant  of  inte- 
gration is  2n  sample  intervals.  A single  bit,bk=0  or  1,  base^  on  the  sign  of  the 
residual  e^  is  transmitted.  The  reconstructed  speech  sample  s'  is  simply  the  sum 
of  the  quantized  residual  e'  and  the  prediction  pk>  that  is 

sk  = ek  + pk 

e'  = sgn  (ek)  {1  TR  ♦ T^) 


with 


where  the  constant  l is  the  normalized  quantizer  output  level'  and  T^  is  the  quan- 
tizer step  size  at  time  k and  T . is  a constant. 
r mm 

A run  of  three  bits  is  used  as  a criterion  for  the  detection  of  slope  overload 
leading  to  the  following  step  size  update  strategy: 

Tk+1  = cTk  + f(bk*  bk-l ’ bk-25 

where  x,  is  again  a constant  of  the  form  1-2  and  f(bk>  bj.  b^  is  nonzero 
only  when  b^  = b^  ^ = b^  2-  Clearly,  the  time  constant  of  adaptation  is  2m^  K 
where 


ffbk’  bk-l ’ bk-2J 


K , if  bk  = bk-1  = bk_2 


l 0 , otherwise. 
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2.5.2  Adaptive  Delta  Modulation  (ADM) 


The  price  paid  for  robustness  against  channel  errors  in  the  CVSD  quantizer 
adaptation  algorithm  is  the  significant  amount  of  slope-overload  distortion  present 
in  the  reconstructed  speech.  This  leads  to  a certain  loss  of  "crispiness"  as  well 
as  considerable  degradation  in  speech  quality  when  two  or  more  CVSD  links  are  con- 
nected in  tandem. 

In  this  section  we  present  an  improved  algorithm  for  quantizer  step  size  adap- 
tation which  results  in  better  subjective  speech  quality  without  a significant  in- 
crease in  sensitivity  to  channel  errors. 

A desirable  approach  in  updating  the  quantizer  step  size  is  to  attempt  to  set 
the  step  size  proportional  to  a moving  estimate  of  the  standard  deviation  of  the 
quantizer  input.  We  have  previously  shown1*7  that  Jayant's  update  algorithm 

Tk,i  ■ Tk M d«tl> 

approximates  an  estimator  of  the  above  form.  The  algorithm  is  quite  general  in  the 
sense  that  the  speed  of  adaptation  and  the  steady-state  fluctuation  of  T^  for  sta- 
tionary portions  of  the  signal  is  determined  by  the  function  M{-). 

In  the  case  of  a two-level  quantizer  it -is- not  possible  to  estimate  the  stan- 
dard deviation  of  the  input  based  on  only  one  quantizer  output.  Thus,  for  delta 
modulation  the  algorithm  needs  to  be  modified  so  that 

I 

Tk+i  = TkM.*V  bk-i’ 

i.e.  M(.)  becomes  a function  of  two  or  more  quantizer  outputs.  There  is,  of  course, 
some  delay  in  adjusting  T^,  e.g.,  severe  overload  is  detected  when  there  have  been 
three  or  more  successive  l's  or  0's  at  the  quantizer  output.  This  is  compensated 
to  some  extent  by  the  higher  sampling  rate  of  delta  modulation  systems. 


and  M = 1/1.5  when 


Jayant  has  suggested4  a value  of  M = 1.5  when  ^ 

b^  i b^^.  This  rule  leads  to  small  overload  distortion  at  the  expense  of  greater 
granular  noise  and  increased  sensitivity  to  channel  errors. 

We  have  implemented  the  following  update  algorithm  which  is  similar  to  the  one 
used  for  ARC : 

Tk  = l0g2  Gk 

G,  = G,  + G 
k k min 

*her'  ck.i  * EGk  * fflV  »k-r  bk-2’ 

with  the  function  f(*)  of  the  following  form: 

bk@bk-l’  bk®bk-2  ffbk'  bk-l’  bk-2^ 

0 0 3/16  (expand  rapidly) 

0 1 5/64  (expand) 

1 0 -5/128  (contract) 

1 1 0 

* 

Note  that  the  quantizer  step  size  is  expanded  on  the  first  indication  of  overload 
i.e.,  b^  = If  overload  persists,  i.e.,  b^  = b^_1  = b^  2»  the  step  size  is 

expanded  rapidly.  To  make  the  algorithm  resistant  to  channel  errors  we  have  incor- 
porated the  factor  c = 1-2  ml  = 127/128  which  ensures  convergence  of  the  quantizer 
step  size  with  a time  constant  of  2ml  = 128  sample  intervals. 

Informal  listening  tests  indicate  that  ADM  results  in  ’crisper'  reconstructed 
speech  with  less  granular  noise  than  CVSD.  The  main  improvement  in  quality  is  due 
to  the  fact  that  the  step  size  update  is  multiplicative  (additions  in  the  logarith- 
mic domain  in  ADM)  rather  than  additive  (RC  filtering  in  CVSD) . 

To  take  advantage  of  the  additional  processing  time  available  at  9.6  kb/s  a 
third-order  predictor  is  used  instead  of  a first-order  predictor  for  adaptive  delta 
modulation  (see  microprogram  given  in  Table  3-7). 
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2.6  PARAMETER  SELECTION 


2.6.1  16  Kb/s  CVSD  Parameters 

1.  Time  constant  of  integrator  = 8 ms. 

2.  Time  constant  of  step  size  filter  = 2 ms. 

3.  Minimum  step  size  = 20  mV. 

4.  Compression  ratio  = 166. 

5.  Effective  magnitude  of  pulse  applied  to  step  size  filter  whenever 
three  successive  transmission  bits  are  identical  = 280  mV. 

Starting  from  the  initial  recommended  parameter  values,  the  following  adjust- 
ments were  made.  Informal  listening  tests  indicated  that  integrator  time  constant 
could  be  reduced  from  16  to  8 ms  without  any  noticeable  loss  in  speech  quality. 

This  reduction,  however,  makes  the  system  more  robust  in  the  presence  of  channel 
errors.  The  time  constant  of  the  step  size  filter  was  chosen  to  be  2 ms  to  permit  a 
reasonable  value  for  the  effective  gain  of  this  filter  without  an  arithmetic  over- 
flow problem.  This  in  combination  with  a compression  ratio  of  166  achieved  by 
keeping  the  minimum  step  size  as  small  as  20  mV  results  in  "livelier"  reconstructed 
speech  with  very  small  idle  channel  noise. 
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SECTION  3 
HARDWARE  DESIGN 

3.1  GENERAL 

The  CODEX  Speech  Digitizer  is  capable  of  coding  speech  at  16  and  9.6  kb/s 
using  any  of  the  following  three  techniques:  adaptive  residual  coding  (ARC),  digi- 

tally  implemented  continuous  variable-slope  delta  modulation  (CVSD)  and  adaptive 
delta  modulation  (ADM) . In  addition,  a different  set  of  ARC  parameters  may  be 
stored  for  operation  at  another  desired  rate  (such  as  14.4  or  19.2  kb/s)  using  a 
modem- supplied  bit-rate  clock. 

In  this  section  we  describe  the  essential  features  of  the  hardware  design  of 
various  system  components  and  include  detailed  schematics  for  the  two  circuit  cards. 

As  shown  in  Table  3-1  the  mode  of  operation  is  controlled  by  the  signals  MO,  Ml 
and  M2  (see  also  Fig.  3-9).  The  first  three  rocker  dip  switches  mounted  in  position 
A6  on  the  digital  card  control  MO,  Ml  and  M2,  respectively. 

The- nominal  bandwidth  of  the  coder  is  3000  Hz  in  all  modes  (2820  Hz  3 dB  band- 
width). The  sampling  rate  is  6000  samples/s  except  for  CVSD  and  ADM  (Ml  = 1)  for 
which  the  sampling  rate  is  equal  to  the  bit  rate. 

3.2  BLOCK  DIAGRAM 

In  section  2.2  we  presented  a simple  block  diagram  which  shows  the  intercon- 
nection of  the  major  functional  components  of  the  system.  Figure  3-1  illustrates 
the  system  hardware  architecture  for  a transmit-receive  pair.  A microprocessor- 
like structure  is  apparent  in  the  top  half  of  Figure  3-1.  This  12-bit  arithmetic 
processor,  which  is  built  mostly  out  of  series  7400  low-power  Schottky  TTL  circuits, 
handles  all  the  basic  arithmetic  operations  required  in  adaptive  residual  coding, 

CVSD  and  adaptive  delta  modulation  (see  Figure  2-1).  These  operations  include  the 
formation  of  the  second-order  prediction  p^,  the  quantized  residual  e£,  the 
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TABLE  3-1 
MODES  OF  OPERATION 


MO  Ml  M2 
0 0 0 
0 0 1 
0 10 
0 1 1 
10  0 
1 0 1 
1 1 0 
1 1 1 


16  kb/s  ARC 
14.4  kb/s  ARC 
16  kb/s  CVSD 
16  kb/s  ADM 
9.6  kb/s  ARC 
Unspecified 
9.6  kb/s  CVSD 
9.6  kb/s  ADM 
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Figure  3-1.  Block  Diagram 


reconstructed  speech  samples  s£  and  the  update  of  the  quantizer  step  size.  The  op- 
eration and  microprogramming  of  the  processor  are  explained  in  Section  3.4. 

The  analog  circuits  shown  in  Figure  3-1  (the  signal  limiter,  the  transmitter 
low-pass  filter  (LPF),  the -sample-and-hold  circuit,  the  comparator,  the  D/A  conver- 
ter and  the  receiver  LP  ) are  discussed  in  Section  3.6. 

As  explained  in  the  next  section,  the  timing  circuits  are  designed  to  divide 

each  sample  interval  into  two  halves:  The  transmit  and  receive  cycles.  This 

arrangement  permits  time-sharing  of  the  processor,  the  D/A  converter  and  the  quan- 
tizer register  Q or  bit  register  B between  the  transmitter  and  the  receiver. 

In  the  ARC  mode,  during  the  transmit  cycle,  the  prediction  p^  is  computed  and 
loaded  into  the  test  register  T whose  output  is  D/A  converted  and  compared  with  the 
input  speech  sample.  After  a series  of  (successive-approximation)  comparisons  with 
the  quantizer  level  corresponding  to  the  quantized  residual  e£  appears  in  the  Q 
register.  This  quantizer  level  is  encoded  and  loaded  into  the  transmit  first-in 
first-out  (FIFO)  buffer,  whose  output  is  the  transmit  data.  Receive  data  are 
loaded  into  the  receive  FIFO  and  eventually  decoded,  with  the  decoded  level  being 
placed  in  the  Q register.  The  output  of  the  Q register  is  also  used  to  address  the 
read-only  memory  (ROM)  where  the  quantizer  parameters  are  stored.  These  parameters 
are  used  by  the  processor  to  update  the  transmit  and  receive  quantizer  step  sizes 
during  the  corresponding  cycles.  The  operation  of  the  encoder,  decoder  and  the 
FIFO's  is  explained  in  Section  3.5. 

When  the  speech  coder  is  in  the  CVSD  or  ADM  mode  encoding  and  decoding  are  no 
longer  required.  During  the  transmit  cycle,  the  binary  quantized  residual  (output 
bit)  which  is  available  after  a single  comparison,  is  serially  loaded  into  a B reg- 
ister. The  output  bit  is  then  fed  into  the  transmit  FIFO  which  in  this  case  serves 
only  to  decouple  the  speech  coder  timing  from  the  modem  clock.  Similarly,  the  re- 
ceived data  are  loaded  into  the  receive  FIFO  and  eventually  loaded  into  the  B reg- 
ister, which  stores  the  present  and  previous  two  output  and  input  bits  in  inter- 
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leaved  form.  These  three  (output/input)  bits  are  used  to  address  the  parameter  ROM. 


3.3  TIMING  AND  CLOCK  RATES 

The  transmitter  and  receiver  sections  are  both  run  from  a common  high-frequency 
clock  (YCL)  derived  from  a 6.1440  MHz  crystal-controlled  oscillator  to  permit  time 
sharing  the  circuitry  mentioned  above.  The  first-in  first-out  (FIFO)  buffers  allow 
decoupling  of  system  timing  from  modem  timing. 

As  shown  in  Fig.  3-9,  the  main  divide-down  chain  consists  of  three  synchronous 
4-bit  binary  counters  (3X74LS163) . The  first  of  these  counters  (A3)  simply  divides 
the  YCL  clock  into  groups  (words)  of  16  pulses  (bits)  each  and  produces  a carry 
(WDTIME)  during  the  last  of  these  16  YCL  clock  periods  (see  the  timing  diagram  Fig. 
3-2).  The  nomenclature  'words'  and  'bits'  will  become  clear  in  the  next  section. 

The  arithmetic  processor  completes  one  operation  (instruction)  in  one  word-time  as 
bits  of  information  are  processed  and  serially  loaded  into  the  A or  T register  at 
each  bit-time.  The  second  counter  (A2)  produces  a carry  (GPTIME)  every  16th  word 
time  in  the  ARC  mode  (Ml  = 0)  independent  of  the  bit  rate.  However,  in  the  CVSD  or 
ADM  mode  (Ml  = 1)  the  counter  acts  as  a divide  by  6 at  16  kb/s  (MO  = 0)  or  as  a 
divide  by  10  at  9.6  kb/s  (Ml  = 1).  The  third  counter  (Al)  produces  a SAMPLETIME 
pulse  for  every  fourth  GPTIME  pulse.  We  can  summarize  the  breakdown  of  the  sample 
interval  as  follows: 

1 sample  interval  = 4 group  times 

116  word  times  (ARC) 

10  word  times  (CVSD/ ADM  at  9.6  kb/s) 

6 word  times  (CVSD/ADM  at  16  kb/s) 

1 word  time  = 16  bit  times  (6.144  MHz  clock  periods) 

The  timing  signal  W6  (a  square  wave  at  the  sample  rate)  divides  the  sample  in- 
terval into  the  transmit  (W6  = 0)  and  receive  (W6  = 1)  halves.  The  word  times 
during  each  of  these  halves  is  indexed  by  the  5-bit  word  W5,  W4,...,  W1 . In  the 
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ARC  mode  the  count  is  simply  0 to  31,  while  in  the  CVSD/ADM  mode  the  count  proceeds 
as  follows: 


CVSD/ADM  at  16  kb/s  10,..., 
CVSD/ADM  at  9.6  kb/s  ' 6,..., 


15,  26,  . . . , 
15,  22,  .... 


31 

31 


As  explained  in  the  next  section,  W 5,...,  W1  are  used  as  the  program  counter  for 
the  microprogram. 

The  timing  circuits  also  generate  a clock  BITCLKX2  at  twice  the  16  or  9.6  kb/s 
bit  rate.  As  shown  in  Figure  3-9  BITCLKX2  is  W1  divided  by  6 when  MO  = 0 and  is  W2 
divided  by  10  when  MO  = 1. 

The  4-bit  shift  register  74LS194  (A9)  generates  the  25%  duty  cycle  clocks  QTR1 
to  QTR4,  which  as  the  names  imply,  are  high  during  the  respective  quarters  of  a word 
time.  Other  timing  signals  shown  in  Figures  3-2  and  3-3  are  RCL  (YCL  with  the  first 
3 clock  pulses  suppressed),  HCL  (YCL  with  the  first  4 clock  pulses  suppressed) 
and  WDCLK  (YCL  with  only  the  last  clock  pulse  enabled  each  word  time),  SPH'E 
(scratchpad  write  enable)  and  CVTLD  (convert  load). 

As  explained  in  Section  4.2,  transmit  output  timing  is  selectable  (via  dip 
switch  C21  on  the  digital  card)  from  internal  or  external  (modem  supplied)  bit  rate 
clock  (DB  in  EIA  notation).  The  former  is  either  9.6  or  16  kb/s,  while  the  latter 
may  be  arbitrary  in  the  ARC  mode  provided  that  the  system  parameters  are  chosen  so 
that  the  transmit  buffer  does  not  overflow  at  that  output  rate.  Similarly  the  re- 
ceive clock  and  data  may  be  at  an  arbitrary  rate.  Thus  in  the  ARC  mode  any  bit  rate 
can  be  used  by  providing  the  appropriate  external  clock.  Note  that  a tracker  cir- 
cuit for  slaving  the  internal  timing  to  an  external  bit  rate  clock  (transmit  or  re- 
ceive) is  not  required  since  the  buffer  management  strategy  is  not  sensitive  to 
timing  slips.  Thus,  timing  slips  affect  the  system  performance  in  the  same  way  as 
channel  errors. 
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3.4  ARITHMETIC  PROCESSOR  AND  QUANTIZER 


The  microprogrammed  processor  executes  a set  of  12,  20,  or  32  instructions 
twice  per  sample  interval  to  perform  the  transmit  and  receive  arithmetic  functions. 

To  avoid  full  12-bit  multiplications  in  the  processor,  we  use  the  quantizer 
adaptation  rule  given  in  Section  2.3.  In  ARC  and  ADM  modes,  the  step  size  T^is 
obtained  through  the  following  piecewise  linear  approximation  of  2*^: 

h - l2LGkJ  “ * Gk  - 

where  |j  . |J means  "integer  part  of".  This  operation  is  performed  by  the  CONVERT 
circuitry  shown  in  Figure  3-1.  Further,  we  constrain  all  multiplicative  parameters 
to  be  of  the  form  ±2  nl  ±2  n^.  Then  all"multiplications”  can  be  performed  by  two 
adders  (see  Figure  3-1). 

The  flow  of  information  and  the  processor  function  is  controlled  by  the  con- 
tents of  the  microprogram  ROM  and  the  write-and  read-address  ROM's. 

A 256x8  bit  programmable  read-only  memory  (74S471)  controls  most  of  the  pro- 
cessor functions.  Two  256x4  bit  programmable  ROM's  (2x74S287)  whose  outputs  are 
tied  together  to  form  a tristate  bus  provide  part  of  the  address  for  the  scratchpad 
(see  Figure  3-1)  and  perform  the  remaining  control  functions.'  The  main  storage  ele- 
ments of  the  processor  are  a 16x12  bit  scratchpad  RAM  (3x74C89),  a 256x8  bit  para- 
meter ROM  (74S471),  and  three  12-bit  registers:  a RAM  output  (or  read)  register  R 

(3x74LS194) , an  accumulator  register  A (3x74LS194) , and  a test  register  T (74LS164  + 
74LS195) . The  basic  arithmetic  operation  performed  by  the  processor  is  of  the  form 
A ± 2 R ± 2 n2  R.  The  result  of  this  operation  can  be  serially  loaded  in  A or  T 
or  both.  The  'multiplier'  ± 2 nl  ± 2 n2  is  supplied  by  the  parameter  ROM. 

The  contents  of  the  accumulator  A can  be  stored  (written  into)  the  scratchpad 
RAM  and  later  loaded  into  the  R register,  which  performs  a right  shift  with  sign  ex- 
tension. Two  one-of-eight  multiplexers  (2x74LS151)  and  a pair  of  true -complement 

(exclusive  or)  gates  (l/2x74LS86)  provide  the  shifted  and/or  negated  serial  words 
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± 2 R and  ± 2 n2  R.  These  words  are  serially  added  to  A in  a pair  of  high-speed 
one-bit  full  adders  (74H183).  The  accumulator  A can  be  cleared,  serially  loaded 
from  the  adder  output  or  its  contents  can  be  recirculated.  During  the  CONVERT  oper- 


r 

> 1 

ation  the  A register  is  parallel  loaded  with  the  converted  step  size  T^. 

^ At  the  appropriate  instants  the  contents  of  the  test  register  T are  loaded  in- 

to the  D/A  buffer  register  (2x74LS174  located  on  the  analog  card)  for  quantizer 
comparisons  during  the  transmit  cycle  and  for  reconstructed  speech  sample  output 
during  the  receive  cycle. 

During  the  transmit  cycle  in  the  ARC  mode  the  quantizer  output  level  ±i, 
i=0,l,2,3  is  determined  by  making  three  tests  to  locate  the  residual  e^  in  one  of 
seven  regions  symmetrical  about  zero.  During  these  tests  the  T register  is  loaded 
with  p^,  p^  ± a2^k  and  p^  ± a/T^,,  i=l  or  3,  successively  where  a^  are  the  quantizer 
thresholds  and  T^  is  the  quantizer  scale  factor  (step  size)  at  time  k.  After  D/A 
conversion  these  test  values  are  compared  to  the  input  speech  sample  s^  and  the 
one-bit  result  of  each  comparison  is  loaded  into  the  quantizer  register  Q (74LS163) 
after  some  logic.  The  final  quantizer  level  eventually  appears  in  the  Q register, 
where  it  controls  the  variable-length  encoder. 

During  the  receive  half  of  the  sample  interval  the  Q register  is  loaded  with 
the  quantizer  level  directly  from  the  decoder. 

As  explained  earlier  in  Section  3.2,  in  ADM  and  CVSD  modes  a separate  B regis- 
ter (74LS164)  stores  the  present  and  previous  two  bits  in  interleaved  form.  The 
B register  is  serially  loaded  under  program  control  once  during  the  transmit  cycle 
(from  the  comparator)  and  once  during  the  receive  cycle  (from  the  receive  FIFO) . 

Two  output  bits  of  the  Q or  B register  address  the  parameter  ROM  together  with 
mode  control  and  timing  information  to  select  the  appropriate  "multiplier" 

+2  nl  ±2~n2.  The  sign  bit  Qs  or  Bg  determines  whether  the  "product"  ±2  nlR  ±2  n2R 
is  to  be  added  to  or  subtracted  from  A. 
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For  the  9.6  kb/s  ARC  system  the  number  of  quantizer  levels  is  reduced  to  5 by 


simply  setting  M2)=t(3),  f^(2)=fj(3)  and  £2 C2) =f2 C3)  in  the  parameter  ROM. 

Having  described  the  capabilities  of  the  components  of  the  processor,  we  are 
now  in  a position  to  discuss  the  processor  control  through  the  microprogram  and 
give  a detailed  description  of  the  circuits. 

3.4.1  MICROPROGRAM 
— 

The  microprogram  may  consist  of  up  to  32  12-bit  instructions  (control  words) 
for  each  mode  of  operation.  There  are  no  branch  instructions;  the  program  counter 
is  simply  the  5-bit  word  count  W5,...,W1,  generated  by  the  timing  circuits.  As  men- 
tioned in  Section  3.3  the  count  W5,...,W1,  takes  only  12  of  the  32  possible  values 
in  the  CVSD/ADM  mode  at  16  kb/s  and  20  values  at  9.6  kb/s.  The  microprogram  is 
identical  for  the  transmit  and  receive  cycles.  However,  the  timing  signal,  W6,  is 
used  to  select  slightly  different  behavior,  e.g.,  to  select  one  half  of  the  scratch- 
pad RAM  for  the  transmit  variables  and  the  other  half  for  the  receive  variables,  and 
to  select  different  sources  for  loading  the  Q or  B registers. 

From  the  preceding  functional  description  we  can  identify  three  basic  types  of 
instructions:  ADD,  WRITE  and  CONVERT.  In  the  ADD  instruction,  the  R,  A and  T reg- 

ister are  shifted  right  and  a rounded  12-bit  serial  add  is  performed  (through  the 
two  adders)  during  the  last  13  bit  times  of  the  particular  word  time.  The  sum  is 
always  serially  loaded  into  the  T register  and  it  may  also  be  loaded  into  the  A 
register.  If  the  A register  is  not  to  be  loaded  from  the  adder  output,  its  contents 
are  simply  recirculated.  Table  3-2  shows  the  specification  of  the  ADD  instruction 
in  terms  of  the  microprogram  word  (control  signals  PI  through  P12). 

In  the  WRITE  instruction,  the  A and  R registers  are  not  serially  shifted.  The 
contents  of  the  A register  are  written  into  the  scratchpad  RAM  during  the  first  4 
bit  times.  Later,  at  the  last  bit  time  the  A register  may  be  cleared.  Since  the 
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register  at  the  last  bit  time  of  the  same  word.  Under  program  control  the  A regi- 


ster contents  may  be  cleared  before  writing  into  the  scratchpad,  if  the  most  signi- 


ficant bit  (MSB)  of  the  T register  is  1.  The  specification  of  the  WRITE  instruction 
appears  in  Table  3-3. 

The  CONVERT  instruction  is  a special  instruction  that  replaces  the  contents  of 
the  A register  by  2l\!  +k  (l+A-l_Aj)  to  obtain  approximate  binary  exponentiation  as 


explained  earlier.  The  constant  k corresponds  to  (see  Section  2.3)  which  de- 

termines the  bottom  (minimum  value)  of  the  quantizer  step  size.  The  CONVERT  instruc- 
tion is  specified  by  P1=P2=1  in  the  microprogram  word.  P3  to  P8  are  the  same  as  in 
the  WRITE  instruction  and  the  four  bits  P9  to  P12  specify  the  constant  k mentioned 
above  (see  Table  3-4) . 

In  the  ADD  instructions  the  R register  is  shifted  right  with  sign  extension 
(arithmetic  right  shift)  during  the  last  13  bit  times  of  each  word.  However,  at  the 
last  bit  time  the  right  shift  may  be  suppressed  and  instead  the- register  may  be 
parallel  loaded  from  the  scratchpad  RAM.  In  the  WRITE  and  CONVERT  instructions 
shifting  of  the  R register  is  inhibited  but  parallel  loading  is  permitted. 

The  quantizer  register  Q may  be  loaded  during  any  instruction  at  the  last  bit 
time.  During  the  WRITE  instruction  the  Q register  input  may  be  held  to  a zero  under 
program  control  depending  on  the  state  of  the  transmit  FIFO  (explained  further  in 
Section  3.4.6) . 

To  refresh  the  value  * 1 * (=000100000000)  in  the  scratchpad  we  may  clear  A and 
then  write  its  contents  into  the  scratchpad  with  the  4th  MSB  inverted. 

Note  that  with  PI  through  P12  all  zero  a null  instruction  (NOP)  is  executed 


during  which  the  contents  of  the  A register  are  recirculated,  the  adder  output  is 
loaded  into  the  T register  and  the  R register  is  shifted  right.- 
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TABLE  3-2 


i 


ADD  INSTRUCTION 

- 

PI  : = 0. 

P2  : Selects  input  to  A register  from  the  adder  output  (P2=l)  or  from  A regis- 

ter output  (P2=0) . 

P3  : Addresses  the  parameter  ROM:  parameters  are  independent  of  the  quantizer 

level  if  P3=l . 

P4  : Forms  part  of  the  address  of  the  parameter  ROM  if  P3=l. 

PS  : The  parameters  are  multiplied  by  +1  or  -1  depending  on  the  sign  bit  QS/BS 

if  P5=l . 

P6  : The  D/A  buffer  register  is  loaded  at  the  last  bit  time  if  P6=l. 

P7,P8  : Form  part  of  the  address  of  the  parameter  ROM. 

P9  : The  R register  is-  loaded  at  the  last  bit  time  if  P9=l  (R  register  shifts 

right  at  other  bit  times). 

P10-P12:  Form  part  of  the  address  for  reading  from  the  scratchpad  RAM  if  P9=l. 

Initiate  encoding/decoding  and  strobe  (D/A  output  into  receive  low-pass 
filter)  if  P10=l  and  P9=0. 


TABLE  3-3 


WRITE  INSTRUCTION 

PI  : =1 

P2  : =0 


P3  : Clear  A register  at  the  last  bit  time  if  P3=l. 

P4  : Enter  new  value  into  Q register  or  B register  if  P4=l. 

P5  : Clear  A register  during  bit  times  3 and  4 if  the  MSB  of  T register  is  1 

and  P5=l. 

P6  : Hold  the  Q register  inp  it  to  0 (low)  if  P6=l  and  the  transmit  FIFO  is  full. 

P7,P8  : Unused  (don't  care). 

P9  : During  the  first  8 bit  times: 

Invert  the  4th  MSB  of  A register  before  writing  into  scratchpad  if 
P9=l . 

During  the  last  8 bit  times: 

Load  R register  at  the  last  bit  time  if  P9=l.  (R  register  will  be 
stable  at  other  bit  times) 

P10-P12:  During  the  first  8 bit  times: 

Form  part  of  the  address  for  writing  into  the  scratchpad  RAM. 

During  the  last  8 bit  times: 

Form  part  of  the  address  for  reading  from  the  scratchpad  RAM. 


1 


TABLE  3-4 


1 


PI 

P2 

P3-P8  : 
P9-P12: 


CONVERT  INSTRUCTION 

= 1 
= 1 


Same  as  in  WRITE  instruction  (Table  3-3). 

Specify  the  constant  k which  determines  the  minimum  quantizer  step  size. 


Table  3-5  specifies  the  addresses  of  the  state  variables  stored  in  the  scratch- 


1 


pad  in  each  mode  of  operation.  Note  that  W6  is  the  most  significant  address  bit 
permitting  a different  set  of  variables  to  be  stored  for  the  transmitter  and  re- 
ceiver. 

Table  3-6  specifies  the  addresses  for  the  quantizer  and  predictor  parameters. 

The  first  6 bits  of  the  8-bit  address  of  the  parameter  ROM  are  the  three  mode  con- 
trol bits  and  program  bits  P3,  P7  and  P8.  The  last  two  bits  are  given  by  the  con- 
tents of  the  Q or  B register  or  by  program  bit  P4  as  explained  in  Section  3.4.2. 

The  listings  of  the  microprogram  for  each  mode  of  operation  appear  in  Tables 
3-7,  3-8  and  3-9.  These  listings  specify  the  contents  of  the  program,  write-  and 
read-address  ROM's,  respectively,  and  explain  the  functions  performed  by  each  in- 
struction. The  source  programs  were  written  in  a form  suitable  for  the  Motorola 
M6800  assembler  and  stored  on  disk  in  the  Codex  Prime  Time  Shared  Computer  System. 

1 

Thus,  binary  paper  tapes  can  be  automatically  generated  for  programming  the  pro- 
grammable read-only  memories  and  changes  to  the  microprogram  can  be  conveniently 
made . 

The  first  two  columns  of  each  table  give  the  ROM  address  and  contents,  respec- 

. 

tively,  in  hexadecimal  notation.  The  fifth  column  specifies  the  program  word  in 
binary  format  with  bits  PI  through  P8  in  Table-  3-7  and  bits  P9  through  P12  in  Tables 
3-8  and  3-9. 
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TABLE  3-6 

PARAMETER  ROM  ADDRESS  TABLE 


MO,  Ml,  M2,  P3,  P7 , P8,  .G,  H 

ARC 

CVSD 

ADM 

XXX  OOO  XX 

a(i) 

001  XX 

A(i) 

l 

SL 

010  XX 

^(Q) 

f(B) 

f(B) 

Oil  XX 

f2(Q) 

100  00 

B2 

B2 

100  10 

(l-2‘m2) 

(l-2'm2) 

101  00 

B1 

B1 

101  10 

1 

1 

1 

no  oo 

B3 

B3 

no  10 

B1 

111  00 

t'. 

nun 

111  10 

(l-2'ml) 

^min 

(l-2'ml) 
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TABLE  3-7 


MICROPROGRAM 


(0001)  * MICROPROGRAM 

COCO’)  « .HIS  LISTING  SPECIFICS  THE  FIRST  S BITS  CPI-P8)  OF  THE  PROGRAM 
(0003)  « UORD  FOR  THE  CODEX  SPEECH  DIGITIZER 
(0004)  » 

(0005)  * 

(0006)  « LIST  OF  SYtBOLS 
(0007)  * 

(0000)  * 

(0009)  * 

(0010)  « 

(0011)  * 

(0012)  * 

(0013)  « 

(0014)  * 

(0015)  * 

(0016)  * 

(0017)  * 

(0018)  * 

(0019)  * 

(0020)  * 

(0021)  * 

(0022)  * - 
(0023)  * 

(0024)  * 

(0025) '* 

(0026)  * 

(0027)  * 

(0028)  * 

(0029)  * 

(0030)  * 

(0031)  * 

(0032)  * 

(0033)  * 

(0034)  * 

(0035)  * 

(0036)  * 

(0037)  * 

(0038)  * 

(0039)  * 

(0040)  * 

(0041)  * 

(0042)  * 

(0043)  » 16  KEPS  PRC  PROGRAM 


.0044) 

• 

0000 

A0 

(0045) 

FCB 

XIO1O0BQ0 

00 

WRITE:  REFRESH  '1'.  LOAD  S' (K-3)  IN  R.  CL 

EAR  A 

0001 

62 

10046) 

FC8 

xo 1100010 

01 

ADD:  LOAD 

A AND  T WITH  83. S' (K-3),  LOAD  S 

’(K-2) 

IN  R 

0002 

6C 

(0047) 

FCB 

XO 1 100000 

02 

ADD:  LOAD 

A AMD  T WITH  32. S' (K-2)+A.  LOAD 

S' 

(K-l)  IN  R 

0003 

65 

’(0048) 

FCB 

7(0 1 100101 

03 

ADD:  LOAD 

A AND  T WITH  BI.S'(K-I)+A-P(K). 

LOAD  T 

INTO  D/fi 

0004 

00 

(0049' 

FCB 

.'(00000000 

04 

HOP 

0005 

00 

'0030) 

FCB 

7(00000000 

05 

NOP 

0006 

90 

(005 1) 

FCB 

(it  00  1.0000 

06 

WPITE:  A 

INTO  'SPARE',  LOAD  0.  LOAD  T(K) 

IN 

R 

0007 

oc 

i0052) 

rc.o 

xooooi ioo 

07 

ADD:  LOAD 

T WITH  +-AC2KR+A.  RECIRCULATE 

A. 

LOAD 

T INTO  D/R 

0003 

00 

*0053) 

FCB 

7:00000000 

08 

NOP 

0009 

00 

(0054) 

FCB 

7(00000000 

09 

NOP 

OOOA 

94 

(0053' 

FCB 

210010100 

10 

WRITE:  A 

INTO  'SPARE'.  LOAD  0 (LOAD  ZERO 

IF 

TXFIFQ  FULL).  LOAD  T(K>  IN  R 

C.OOB 

OC 

•0056) 

FCB 

XOOOOI too 

11 

ADD:  LOAD 

T WITH  +-A(I).R+A.  RECIRCULATE 

A. 

LORD 

T INTO  D'A 

OQOC 

00 

(00S7) 

FCB 

(.00000000 

12 

NOP 

GOOD 

00 

>0059' 

KB 

7(00000000 

13 

NOP 

OOOE 

90 

(6059) 

FCB 

XI 00 1 0000 

14 

WRITE:  A 

INTO  'SPARE'.  LOAD  Q.  LOAD  T(K) 

IN 

R 

OQOF 

4D 

(0660) 

FCB 

••(0  1001  101 

15 

ADD:  LOAD 

A AND  T WITH  +-L( I) .R+A-S' (K) , 

LOAD  S' 

(K-l)  IN  R.  LOAD  T INTO  D A 

0010 

AO 

i 006 1 > 

FCB 

;;  10 100000 

16 

WPITE:  A 

INTO  S' (K-l ) , CLEAR  A 

0011 

71 

(006?' 

FCB 

7(01 1 1000 1 

17 

ADD:  LOAD 

A AND  T WITH  l.P.  LOAD  S' (K-2) 

IN 

R 

0012 

AO 

iCU63> 

FCB 

X (6100600 

18 

WRITE:  A 

INTO  S' (K-2).  CLEAR  A 

0013 

71 

(0064) 

FCB 

7(01 1 1000 1 

19 

ADD:  LOAD 

A AND  T WITH  l.P.  INITIATE  ENCODING 'DECODING  AND  STROBE 

0014 

AO 

i 0065 i 

re  b 

XIOIOOCOO 

20 

WRITE:  A 

INTO  S' (K-3).  CLEAR  A.  LOAD  G'(K) 

IN  R 

0015 

73 

' 0066 ' 

FCB 

7(01110011 

21 

ADD:  LOAD 

A AND  T WITH  ( 1-2X*(-M1) ) ,R.  LOAD 

T 

IN  R 

0016 

42 

(0067) 

FCB 

7(0  i 0000  to 

22 

ADD:  LOAD 

A AND  T WITH  F! > I) .R+A-G' (K+! > 

0017 

88 

(0063' 

FCB 

7- 10  AO  1000 

23 

WRITE:  A 

INTO  G’OO.  CLEAR  A BEFORE  WRITING 

IF  T 

IS  NEGATIVE 

0013 

AO 

(0069) 

FCB 

X 10 100000 

24 

WRITE:  A 

INTO  'SPARE'.  CLEAR  A.  LOAD  C'(K) 

IN  R 

0019 

70 

(0070) 

FCB 

7(0  1 I 10000 

25 

ADD:  LOAD 

A AND  T WITH  ( l-2**(-M2) ) ,R.  LOAD 

'1' 

IN  R 

00  1A 

43 

(0071) 

FCB 

((01000011 

26 

ADD:  LOAD 

A AND  T WITH  F2( I) .R+A-C' (K+l) 

00  IB 

80 

(0072) 

FCB 

7(10000000 

27 

WRITE:  A 

INTO  C'(K).  LOAD  G'(K)  IN  R 

0U1C 

71 

(0073) 

• FCB 

7(01  1 10001 

2S 

ADD:  LOAD 

A AND  T WITH  R.l+A 

00  ID 

CO 

>007!) 

FCB 

XI 1000000 

29 

CONVERT: 

LOAD  T'CK)  IN  A.  LOAD  'J'  IN  R 

00  IE 

63 

>0075) 

FCB 

20 1 1000 11 

30 

ADD:  LOAD 

A AMD  T WITH  TMIN' .R+A-TCK) 

00  IF 

AO 

(0076) 

rce 

v.  io  loooou 

31 

WRITE:  A 

INTO  TCK) . CLEAR  A 

8 ' CONTENTS  OF  THE  0 (ACCUMULATOR)  REGISTER 

R CONTENTS  OF  THE  2 (READ)  REGISTER 

T CONTENTS  OF  THE  T (TEST)  REGISTER 

0 QUANTIZER  REGISTER  USED  III  THE  ARC  MODE 

B BIT  REGISTER  USED  IN  THE  CVSD  AND  ADD  MODES 

S' OO  CURRENT  RECONSTRUCTED  SPEECH  SAMPLE 

P(K)  CURRENT  VALUE  OF  THE  PREDICTION 

S' (K-l)  PREVIOUS  RECONSTRUCTED  SPEECH  SAMPLE 

S' (K-2)  SECOND  PPEVIOUS  RECONSTRUCTED  SPEECH  SAMPLE 

S' (K-3)  THIRD  PPEVIOUS  RECONSTRUCTED  SPEECH  SAIPLE 

B1.B2.B3  PREDICTOR  COEFFICIENTS 

A ( I ) QUANTIZER  THRESHOLDS  IN  THE  ARC  MODE 

L( I)  QUANTIZER  OUTPUT  LEVELS  IN  THE  ARC  MODE 

L QUANTIZER  OUTPUT  LEVEL  IN  CVSD  AND  ADM  MODES 

FKI)  FIRST  LOGARITHMIC  EXPANSION-CONTRACT  I ON  FACTOR  FOR  THE 

QUANTIZER  STEP  SIZE  (CORRESPONDING  TO  QUANTIZER  OUTPUT  LEVEL  LCD) 
F2( I)  SECOND  LOGARITHMIC  EXPANS ION/CONTRACTION  FACTOR  FOR  THE 

QUANTIZER  STEP  SIZE  (CORRESPONDING  TO  QUANTIZER  OUTPUT  LEVEL  Ldl) 
FIB)  QUANTIZER  EXPANSION/CONTRACTION  FACTOR  IN  THE  CVSD  AND  ADM  MODES 

G'  OO  CURRENT  VALUE  OF  SLOWLY  VARYING  PART  OF  LOGARITHMIC  QUANTIZER 
STEP  SIZE 

G'(K+1)  NEXT  VALUE  OF  G'  <K) 

Ml  2**MI  SAMPLES  IS  THE  TIME  CONSTANT  OF  G'  CIO 

C'(K)  CUPPENT  VALUE  OF  RAPIDLY  VARYING  PART  OF  LOGARITHMIC  QUANTIZER 

STEP  SIZE 

C'CK+1)  NEXT  VALUE  OF  C' MO 

M2  2**N2  SAMPLES  IS  THE  TIME  CONSTANT  OF  C' CK)  IN  THE  ARC  MODE 

AND  OF  TOO  IN  THE  CVSD  MODE 

T'CK)  PIECEWISE  LINEAR  APPROXIMATION  OF  2**(G"  OO+C'  CK)+C-5) 

C CONSTANT  WHICH  DETERMINES  THE  MINIMUM  QUANTIZER  STEP  SIZE 

TMIN-  CONSTANT  ADDED  TO  T' OO 

TOO  CURRENT  VALUE  OF  QUANTIZER  STEP  SIZE.  TCK)  -T'  CIO+TMIN'  IN 

THE  ARC  MODE 


TABLE  3-7.  MICROPROGRAM  (Cont) 


(00.7) 

* 

(0378) 

* 14. 

4 KBPS  ARC 

PROGRAM 

(0079) 

* 

0020 

00 

(CO??) 

FCB 

X 10 100000 

00 

UPITE:  PEFRESH  '1*.  LOAD  S' (K-3)  IN  P.  CLEAR  A 

9921 

62 

(00? 1 > 

FCG 

XO  11000 10 

01 

ADD:  LOAD  A AND  T UITH  83. S' (K-3).  LOAD  S'CK-2)  IN  R 

0022 

60 

(0002) 

FC3 

KOI  100000 

02 

ADD:  LOAD  A AND  T UITH  B2.S' (K-2)fA.  LOAD  S'(K-l)  IN  R 

0321 

65 

(0083) 

FOB 

X01 100101 

T)3 

ADD:  LOAD  A AND  T UITH  B 1 .S' (K- 1 ) +A-P(K) . LOAD  T INTO  D/A 

0C24 

00 

(0084. 

FCE 

XOOOOOOOO 

04 

NOP 

0025 

00 

(0985) 

FOB 

X0O0O0GO0 

05 

HOP 

mv>« 

90 

(0086) 

res 

X 10018800 

06 

UPITE:  A INTO  'SPAPE'.  LOAD  0.  LOAD  T(K)  IN  R 

002? 

OC 

(0037) 

FOB 

XOG0Q1 100 

07 

ADD:  LOAD  T UITH  )-A(2>.R+A.  RECIRCULATE  A.  LOAD  T INTO  D/A 

0020 

00 

< 0038 ) 

FCB 

X0OOOOOO0 

08 

NOP 

002? 

00 

(0059) 

FCB 

X0OO0OOOQ 

09 

NOP 

0020 

94 

(0090) 

FCB 

V.  10010100 

10 

URITE:  A INTO  'SPARE'.  LOAD  Q (LOAD  2ER0  IF  TXFIFO  FULL).  LOAD  TOO  IN  R 

0C2B 

OC 

(eo?i) 

FCB 

XOCOCl 100 

11 

ADD:  LOAD  T UITH  +-A(I).R-^A.  RCLIRCULATE  A.  LOAD  T INTO  D/A 

002C 

DO 

(8C92) 

FCB 

X 00000000 

12 

NCP 

002D 

00 

(0093) 

FCB 

X0C000OOO 

13 

NOP 

002E 

90 

(0094) 

FCB 

X 100 10000 

14 

URITE:  A INTO  'SPARE'.  LOAD  0.  LOAD  T(K)  IN  R 

G02F 

40 

(0095) 

FCE 

xaioot ioi 

15 

ADD:  LOAD  A AND  T UITH  -t-L  ( 1 ) .Ri-A-S'  (K) . LOAD  S'(K-l)  IN  R.  LOAD  T INTO  T/A 

0330 

00 

(0096) 

FCB 

X 10 100000 

16 

URITE:  A INTO  S'CK-1).  CLEAR  A 

0031 

71 

(0097) 

rce 

X0 11 10001 

17 

ADD:  LOAD  A AND  T UITH  l.R.  LOAD  S'(K-2)  IN  R 

0032 

00 

(0098) 

FCB 

X 10100000 

18 

URITE : A INTO  S'(K-2).  CLEAP  A 

3033 

71 

(0093) 

FCB 

XOlllOOOl 

19 

ADD:  LOAD  A AND  T UITH  l.R.  INITIATE  ENCODING/DECODING  AND  STROBE 

0034 

00 

(0100) 

FCB 

X 10 100009 

20 

URITE:  A INTO  G'(K-3).  CLEAP  A.  LOAD  G'  OO  IN  P 

0035 

73 

(0131) 

FCB 

X0 1 1 10011 

21 

ADD:  LOAD  A AND  T UITH  (l-2**(-Ml) ) .R.  LOAD  * l*  IN  R 

0036 

42 

(0102) 

FCB 

XO1OOO010 

22 

ADDr  LOAD  A AND  T UITH  F 1 ( I ) .R+A-G' (K+l ) 

0037 

88 

(0103) 

FCB 

7.10001000 

23 

URITE:  A INTO  G' (K) . CLEAR  A BEFORE  URITING  IF  T IS  NEGATIVE 

0039 

00 

(0104) 

FC3 

X 10 100000 

24 

URITE:  A INTO  'SPAPE'.  Cl  EAR  A.  LOAD  C' (K)  IN  R 

003? 

70 

(0105) 

FCB 

X01 110000 

25 

ADD:  LOAD  A AND  T UITH  ( l-2**(-M2) ) .R.  LOAD  ' 1*  IN  R 

0020 

43 

(0106) 

FCB 

XO  10000 11 

26 

ADD:  LOAD  A AND  T UITH  F2U)  .R+A-C'  (K+l) 

00  3B 

SO 

(0107) 

FCB 

X 10000000 

27 

URITE:  A INTO  C'CK),  LOAD  G' CK)  IN  R 

003C 

71 

(0108) 

FCB 

xei i 10001 

28 

ADD:  LOAD  A AND  T UITH  R.l+A 

0330 

CO 

(0109) 

FCB 

XI 1OOOO0Q 

29 

CONVERT : LOAD  T' (K)  IN  A.  LOAD  '1'  IN  R 

0O3E 

63 

>0110) 

FCB 

X0 11008 11 

30 

ADD:  LOAD  A AMD  T UITH  TMIN' ,R+A*T(K) 

Q03F 

03 

(0111) 

FCB 

XiOlOCOOO 

31 

URITE:  A INTO  T(K) . CLEAR  A 

(0112) 

* 

(0113) 

* 16 

KBPS  cvsr  PROGRAM 

(01 14) 

» ‘ 

80-10 

00 

(0115) 

FCB 

ICO 

00 

0041 

00 

(0116) 

FCB 

ICO 

01 

O042 

00 

(0117) 

FCB 

ICO 

02 

0043 

00 

(0113) 

FCB 

100 

03 

0044 

03 

(Oil?) 

FC3 

100 

‘04 

0043 

03 

>0120) 

FCB 

100 

05 

00  16 

CO 

(0121  ( 

FCB 

100 

06 

0047 

03 

(0122) 

FCB 

100 

07 

■1 

0043 

00 

'0123) 

FCB 

100 

08 

0044 

00 

(0124) 

FCB 

100 

09 

004m 

00 

(0125) 

FCB 

X 10 100000 

10 

URITE:  REFRESH  ' 1*.  LOAD  S'CK-U  IN  R.  CLEAR  A 

004E 

76 

(0126) 

FCB 

xoiiioiio 

1 1 

ADD:  LOAD  A AND  T UITH  B1 .S' CK-1) -P (K) . LOAD  T INTO  D/A 

CC4C 

00 

>0127) 

FCB 

X0GOQO000 

12 

NOP 

004? 

00 

(012S> 

FCB 

.•.00000000 

13 

NOP 

CO-IE 

90 

(0129) 

FCC 

710010000 

14!  URITE:  A INTO  'SPARE*.  LOAD  B.  LOAD  TOO  IN  R. 

C04F 

43 

(0130) 

FCS 

."01 00 1001 

15 

ADD:  LOAD  A AND  T UITH  +-L.T(K)+A.  LOAD  '1'  IN  R. 

0050 

00 

'0131 ) 

FCB 

100 

16 

0051 

00 

>0132> 

FCB 

100 

17 

0032 

00 

(0133) 

FCB 

108 

18 

CC53 

00 

(0134) 

FCB 

100 

19 

0054 

00 

(0I35> 

FCS 

100 

20 

0055 

OO 

>0136' 

FCB 

100 

21 

0056 

00 

(0137) 

FCB 

too 

22 

.3ocr 

00 

'0133) 

FCB 

100 

23 

0058 

00 

>0133) 

FCB 

ICO 

24 

0059 

00 

>0143) 

FCB 

*00 

25 

0050 

7F 

(0141) 

FCB 

XQllltlll 

26 

ADD:  LOAD  A AND  T UITH  +-R.TMIN+A-S' (K> . LOAD  T INTO  D/R 

0056 

00 

(0142) 

FCB 

X 10 100090 

27 

URITE:  A INTO  S'(K-l).  CLEAR  A.  LOAD  T (K)  IN  R. 

005C 

70 

(0143) 

FCB 

XO 1110000 

29 

ADD:  LOAD  A AND  T UITH  ( l-2**(-M2) ) .R.  INITIATE  STROBE 

005  D 

ee 

(0144) 

FCB 

xi 0008000 

29 

URITE:  A INTO  'SPARE',  LOAD  T IN  R. 

003E 

42 

<0145' 

FCB 

X01O0OO1Q 

30 

ADD:  LOAD  A AND  T UITH  F (B) ,R+A*T(K+1) . 

005F 

08 

(0146) 

FCB 

X101U10O0 

31 

URITE:  A INTO  T(K) . CLEAR  A BEFORE  LRITING  IF  T IS  NEGATIVE.  CLEAR  A 

3-19 


TABLE  3-7.  MICROPROGRAM  (Cont) 


{0147>  * 

(0143)  ♦ 16  KCPS  RDM  PROGRAM  » 

*0143)  * 


ooeo 

00 

(0150) 

FC3 

100 

-00 

9061 

00 

(015!) 

FCB 

*00 

01 

0062 

00 

(0152' 

FC0 

100 

02 

0063 

00 

(0153) 

Fee 

*00 

03 

0064 

00 

f 0 154' 

FOB 

TOO 

04 

0065 

00 

(0155) 

FCB 

too 

05 

0066 

00 

(0156) 

FCB 

*00 

06 

0062 

00 

(0157. 

FCB 

*00 

07 

0069 

00 

(0153) 

FCB 

*00 

08 

0069 

08 

(0155) 

FCB 

*00 

09 

0060 

80 

i 0168' 

FCB 

X to  100000 

10 

WRITE:  REFRESH  T.  LOAD  S' (K-l)  IN  R.  CLE8R  8 

0066 

65 

(0161) 

FCB 

XOl 100101 

1 1 

ADD:  LOAD  8 AND  T U1TH  SI .S’ (K-l) -P(K) . LOAD  T INTO  D/A 

006C 

00 

(8162) 

FCB 

*00000000 

12 

NOP 

006  D 

00 

(0163) 

FCB 

*00800000 

13 

NOP 

0066 

90 

(0164) 

FQE 

XI 00 10000 

14 

URITE:  8 INTO  'SPARE' , L08D  B.  L08D  TOO  IN  R. 

006F 

4D 

(0165) 

FCB 

XO 1001 101 

15 

ADD:  LOAD  8 AND  T WITH  +-L .TOO  +8-S' (K) . LOAD  T INTO  D/A. 

0020 

00 

(0166) 

FCB 

*00 

16 

0021 

00 

(0 167 ) 

TCEl 

xuo 

17 

0022 

00 

(0163) 

FCB 

*00 

ie 

0023 

03 

(0163) 

FCB 

100 

19 

: 

0024 

00 

(0170) 

FCB 

*00 

20 

0025 

00 

(0171) 

FCB 

*00 

21 

0026 

00 

(0172) 

FCB 

100 

22 

0022 

00 

(0173) 

FCB 

*00 

23 

0028 

00 

(0174) 

FCB 

*00 

24 

00 ’3 

00 

(0175) 

FCB 

*00 

25 

002O 

90 

(0176) 

PCS 

X 10 100000 

26 

WRITE:  8 INTO  S' (K-l).  CLEAR  8.  L08D  G' (K)  IN  R 

0O2B 

23 

(0177) 

FCB 

*01110011 

27 

ADD:  L08D  8 8ND  T WITH  ( 1-2**C-I11 ) ) .R.  LORD  '1'  IN  R 

0026 

42 

(0I7S) 

PCS 

XO 10000 10 

28 

ADD:  LOAD  A AND  T WITH  FIB)  .R+A-G'  (K+l).  INITIATE  STROBE 

002D 

33 

(0179) 

FCB 

X 1000 1000 

23 

WRITE:  A INTO  G'(K>,  CLE8R  8 BEFORE  WRITING  IF  T IS  NEGATIVE 

0O2E 

C0 

(018S) 

FCB 

X 11000000 

30 

CONVERT:  LOPD  8 WITH  T(K) 

00  2F 

80 

(013  P 

FCB 

X 10 100000 

31 

URITE:  8 INTO  TOO.  CLEAR  8 

(0182) 

* 

(0133) 

* 9.S 

KBPS  8 PC  PROGRAM 

(0184) 

« 

0030 

80 

(0!S5> 

FCB 

;;  10 100000 

00 

WRITE:  REFRESH  'I'.  LORD  S’(K-3)  IN  R.  CLEAR  8 

0081 

62 

(0136) 

FCB 

X011C0010 

•01 

ADD:  LOAD  8 AND  T WITH  83.S'(K-3).  LOAD  S' (K-2)  IN  R 

0082 

60 

(0137) 

FCB 

*01 100000 

02 

ADD:  LOAD  8 AND  T WITH  82. S' (K-2) +8.  LOAD  S' (K-l)  IN  R 

0033 

65 

(0183) 

FCB 

*01100101 

03 

ADD:  LORD  8 AND  T WITH  B 1 .S' (K- 1 ) +A=P(K) . LORD  T INTO  D/R 

0094 

00 

(0183) 

FCB 

*00000000 

04 

NOP 

0035 

00 

(0 198) 

FCB 

*00000000 

05 

NOP 

0036 

90 

(0 19  p 

FCB 

X10O10OO0 

06 

WRITE:  8 INTO  'SPARE'.  LOAD  0.  LOAD  T(K)  IN  R 

0082 

0C 

(0192) 

FCB 

*00001100 

07 

ADD:  LOAD  T WITH  +-A(2)  R+A.  RECIRCULATE  A.  LOAD  T INTO  D/A 

0083 

00 

(0193. 

FCB 

*00000000 

03 

HOP 

0009 

00 

(0194) 

FCB 

*00000030 

0? 

NOP 

0038 

30 

(0135) 

FCB 

*10010000 

10 

WRITE:  A INTO  'SPARE'.  LOAD  Q.  LOAD  T(K)  IN  R 

0083 

OC 

(0195) 

FCB 

*00001 100 

1 1 

ADD:  LOAD  T WITH  +-fl(I).R+A.  RCC IRCULATE  A.  LOAD  T INTO  D/A 

0042 

00 

(0137) 

FCB 

*00000000 

12 

NOP 

CG3D 

00 

(6193) 

FCB 

*00000000 

13 

HOP 

OOOE 

90 

(0199' 

FCB 

*10010000 

14 

WRITE:  A IHTO  'SPARE'.  LOAD  Q.  LOAD  T(K)  IN  R 

003F 

4P 

(0200' 

FCB 

*01001101 

15 

ADD:  LOAD  A AND  T WITH  +-L( I) .P+A*S’ (K) . LOAD  S'(K-l)  IN  R.  LOAD  T INTO  D'h 

0040 

80 

(028  P 

FCB 

*.0100000 

16 

WRITE:  A INTO  S' (K-l),  CLEAR  A 

0091 

21 

(O202> 

FCB 

*01 1 10001 

17 

ADD:  LOAD  A AND  T WITH  l.P.  LOAD  S' (K-2)  IN  R 

0032 

00 

( 0203 ) 

FCB 

*10 100000 

13 

WRITE:  A INTO  S'(K-J).  CLEAP  A 

0033 

21 

(0234) 

FCB 

*01110001 

19 

ADD:  LOAD  A AND  T WITH  l.R.  INITIATE  ENCODING/DECODING  AND  STROBE 

0034 

80 

(0205' 

FCB 

MUIOOOOO 

20 

WRITE:  A INTO  3'(K-3).  CLEAR  A.  LOOD  G'(K>  IN  R 

!>u35 

73 

( 0206 ) 

FCB 

*011 10011 

21 

ADD:  LOAD  A AND  T WITH  ( l-2'k*(-ITl ) ) .R.  LOAD  *1*  IN  R 

OC  96 

42 

(0807’ 

FCB 

*01000010 

22 

ADD:  LOAD  A AND  T WITH  F 1 ( I ) . R) A=G" (K4 1) 

0092 

83 

(0203' 

FCB 

*10001003 

23 

WPITE:  A INTO  G’(K).  CLEAF  A EEFOPE  WRITING  IF  T IS  NEGATIVE 

0098 

80 

(020?) 

FCB 

*10160000 

24 

WRITE:  A INTO  ’SPORE' . CLEAR  A.  LOAD  C' (K)  IN  R 

004? 

70 

(0210' 

FCB 

*011 10000 

25 

ADD:  LOAD  A AND  T WITH  ( l-2**(-112) ) .R.  LOAD  '1'  IN  R 

0098 

43 

(021  P 

FCB 

*01000011 

26 

ADD:  LOAD  A AND  T WITH  F2(  I)  .R+fl*C"  (K+P 

0090 

80 

(02 12’ 

PCS 

*10000600 

27 

URITE:  A INTO  C ' (K) . LOAD  G'(K)  IN  R 

009C 

71 

(0213) 

FCB 

*01110001 

23 

ADD:  LOAD  A AND  T WITH  R.l+fl 

009 p 

60 

(0214) 

FCB 

*1 IOOOOCO 

29 

CONVERT:  LOAD  T' (K)  IN  A.  LOAD  T IN  R 

009E 

63 

(0215> 

FCB 

*01100011 

30 

ADD:  LOAD  A AND  T WITH  THIN' ,R+A-T(K) 

009F 

80 

(0216) 

FCB 

*10100000 

31 

WRITE:  A INTO  T(K).  CLEAR  A 

TABLE  3-7.  MICROPROGRAM  (Cont) 


(0217) 

* 

TABLE  3-7.  MICROPROGRAM  (Cont) 

(0210) 

* UNSPECIFIED 

(0219) 

* 

ooao 

00 

(0228) 

FOB 

SCO 

00 

OGHl 

00 

(0221) 

FOB 

SO0 

01 

A0A2 

ea 

(0222) 

FOB 

too 

-02 

0OA3 

00 

(0223) 

FCB 

ICO 

03 

00(14 

00 

(0224) 

FOB 

103 

04 

80A5 

00 

(0225) 

FCB 

too 

05 

ucifit 

00 

(022b) 

FC8 

SCO 

06 

0007 

00 

(0227) 

FCB 

soo 

07 

0043 

00 

(0220) 

TCB 

*00 

08 

0043 

80 

(0229) 

FCB 

soo 

09 

0OAA 

00 

(0230) 

FCB 

soo 

10 

ocab 

00 

(0231) 

FCB 

SO0 

11 

OQAC 

00 

(3232) 

FCB 

soo 

12 

OOAD 

08 

(0233) 

FCB 

soo 

13 

004c 

03 

'0234) 

FCB 

soo 

14 

COA? 

00 

(0233) 

FCB 

soo 

15 

coao 

00 

(C23S) 

FCB 

soo 

16 

AOS 1 

00 

(0,27' 

FCB 

soo 

17 

0032 

00 

(0233) 

FCB 

SCO 

18 

0833 

30 

•3239) 

FCB 

SCO 

19 

00B4 

03 

' 0243) 

”C3 

soo 

20 

3005: 

00 

(024!) 

FCB 

soo 

21 

0086 

00 

(0242) 

FCB 

soo 

22 

0087: 

00 

(02J3) 

FCB 

soo 

23 

0088: 

00 

(3244) 

FCB 

soo 

24 

0089- 

00 

(0245) 

FCB 

soo 

25 

0034: 

00 

(0244. 

FCB 

soo 

26 

0080: 

08 

(0247) 

FCB 

SCO 

27  . • 

0C3C 

00 

(0243) 

FCB 

soo 

28  " 

Q06D 

00 

(024?: 

FCB 

SCO 

29 

Q08E 

00 

(0250) 

FCB 

$00 

30 

00EF: 

00 

(0251) 

FCB 

SCO 

31 

(0252) 

* 

(0253) 

* 9.6 

KBPS  CVSD 

PROGRAM 

(0254) 

* 

OOC0 

30 

(0255) 

FCB 

soo 

00 

OQCI 

00 

(0250) 

FCB 

soo 

0! 

00C2 

80 

(0257) 

FCB 

SCO 

02 

0003 

00 

(0258' 

FCB 

$00 

03 

0OC4 

00 

>0259) 

FCB 

$00 

04 

00C5 

00 

(0260) 

FCB 

too 

05 

0UC6 

00 

(0261) 

FCB 

7.00000000 

06:  NOP 

00C7 

00 

(0262) 

FCB 

703000000 

07:  NOP 

0003 

00 

(0263) 

FCB 

700000000 

08:  NOP 

0009 

00 

(0264) 

FCR 

700000000 

09:  NOP 

0004 

0C 

(0265) 

■ FCB 

7 10  100000 

10:  URITE:  REFRESH  ’ 1* . LORD  S'CK-1)  IN  R.  CLERR  ft 

0008 

To 

(0266) 

FCB 

;;  0 1 1 1 0 1 1 o 

11:  ADD:  LOAD  A AND  T WITH  B1 .S' (K-l ) -POO . LORD  T INTO  D/'S 

0OCC 

00 

(026') 

FCB 

700000000 

12:  NOP 

COCO 

00 

(0263) 

FCB 

700000300 

13:  NOP 

OOCE 

90 

(0269) 

FCB 

710010000 

14:  URITE:  A INTO  'SPARE'.  LORD  B,  LOAD  T(K)  IN  R. 

COCE 

43 

(0270) 

FCB 

701001801 

15:  ADD:  LOAD  A AMD  T UITH  +-L.T(K)+A.  LOAD  T IN  R. 

OOP0 

03 

(0271 ) 

FCB 

$09 

16 

00P1 

00 

(0272) 

FCB 

soo 

17 

0002 

08 

(0273) 

FCB 

$00 

IS 

00P3 

00 

(0274) 

FCB 

soo 

19 

00P4 

00 

(0775) 

FCB 

soo 

20 

OOP  3 

00 

(0276) 

FCB 

soo 

21 

OOP* 

7F 

(0277) 

FCB 

701  nmi 

22:  ABP:  LOAD  A ANP  T UITH  +-R.TriIN+A’S'  (K) . LOAD  T INTO  D.'A 

00P7 

40 

(0278) 

FCB 

710100900 

23:  URITE:  A INTO  S' (K-l).  CLEAR  A 

onpo 

40 

(0279> 

FCB 

710100000 

24:  URITE:  A INTO  'SPARE'.  CLEAR  A.  LOAD  T(K)  IN  R 

OOPS 

70 

(0230) 

FCB 

7011 10000 

25:  ADD:  LOAD  A ANP  T UITH  ( I-2**(-i12) ) . R.  INITIATE  STROBE 

C0P4 

80 

'0231' 

FCB 

710000000 

26:  URITE:  A INTO  'SPARE'.  LOAD  'l'  IN  R 

OOPS 

42 

(8232' 

FCB 

701000010 

27:  ADD:  LOAD  A AND  T UITH  F (B) . R+A-T (K+l > 

UUDC 

43 

(3233) 

FCB 

71010  toco 

28:  URITE:  A INTO  T (K) . CLEAR  A BEFORE  URITING  IF  T IS  NEGATIVE.  CLEAR  A 

OOPO 

00 

(0234) 

FCB 

700000000 

29:  HOP 

DOPE 

00 

(0235) 

FCB 

71)0000000 

30:  NOP 

OOPF 

00 

(0226) 

FCB 

70C000QC0 

31:  NOP 

'V«5'  * 

> 3.6 

KBPS  BPtl 

PPOGRAfl 

TABLE  3-7.  MICROPROGRAM  (Cont) 


(0289) 

* 

00E0 

OO 

10230) 

FCB 

*00 

00 

0OEI 

00 

(0291) 

FCB 

*00 

01 

0OE2 

00 

(0292) 

FCB 

*00 

02 

0OE3 

00 

(0293) 

FCB 

100 

03 

0OE4 

00 

(0294) 

FCB 

*00 

04 

00E5 

00 

(0295) 

FCB 

*00 

' 05 

00E6 

00 

(0296) 

FCB 

* 10 100000 

06 

UPITE:  REFRESH  *1*.  LOAD  S'(K-3>  IN  P.  CLEAR  A 

A0E7 

62 

(0297) 

FCB 

KOI  100010 

07 

ADD:  LOAD  A AND  T UITH  B3.S'(K-3).  LOAD  S' (K-2)  IN  R 

00E3 

60 

(0293) 

FCB 

*0 1 100000 

03 

ADD:  LOAD  A AND  T UITH  B2.S' (K-2)+A.  LOAD  S'(K-l)  IN  R 

00E9 

65 

(0299) 

FCB 

*01100101 

09 

ADD:  LOAD  A AND  T UITH  B1 .S' (K-1)+A-P(K) .LOAD  T INTO  D/A 

00EA 

00 

(0300) 

FCB 

*00800080 

10 

NOP 

00EB 

00 

(0301) 

FCB 

*00000000 

1 1 

HOP 

00EC 

90 

(0302) 

FCB 

*10010000 

12 

URITE:  A INTO  'SPARE'.  LOAD  B.  LOAD  T(K)  IN  R 

COED 

4D 

'0303) 

FCB 

*01001101 

13 

ADD:  LOAD  A AND  T UITH  +-L .T(K)+A-S* (K) . LOAD  T INTO  D/A.  LOAD  S'CK 

OGEE 

AO 

(8304) 

FCB 

*10108000 

14 

URITE:  A INTO  S'(K-l).  CLEAR  A 

0CEF 

71 

(0305) 

FCB 

*01110001 

15 

ADD:  LOAD  A AND  T UITH  R.l.  LOAD  S' (K-2)  IN  R 

0OF0 

00 

(0306) 

FCB 

*00 

16 

OOF  1 

00 

(0307) 

FCB 

*00 

17 

0OF2 

00 

(03O8) 

FCB 

*00 

18 

OOF  3 

00 

(0309) 

F6B 

*00 

19 

00F4 

00 

(3310) 

FCB 

*00 

20 

0OF5 

00 

(0311  • 

FCB 

*00 

21 

OOFS 

A6 

(0312) 

FCB 

*10130000 

22 

UPITE:  A INTO  S' (K-2).  CLEAR  A 

OOF  7 

71 

(0313)’ 

FCB 

*01110001 

23 

ADD:  LOAD  A AND  T UITH  R.l 

0OF3 

A0 

(0314) 

FCB 

*10100000 

24 

URITE:  0 INTO  S'(K-3).  CLEAR  0.  LOAD  G' (K)  IN  R 

0OF9 

73 

(0315* 

FCB 

*01110011 

25 

ADD:  LL  . A AND  T UITH  ( l-2**(-Ml ) ) .R.  LOAD  '1'  IN  R 

OOF  A 

42 

(0316) 

FCB 

*01000010 

26 

ADD:  LOAD  A AND  T UITH  F(B) . 1+A-G' (K+l) . INITIATE  STROBE 

00FB 

83 

(0317) 

FCB 

*10001000 

27 

URITE:  A INTO  G'(K).  CLEAR  A BEFORE  URITING  IF  T IS  NEGATIVE 

0GFC 

CO 

(0313) 

FCB 

*11000000 

28 

CONVERT:  LOAD  T(K)  IN  A 

G0FD 

AO 

(0319) 

FCB 

*10 100000 

29 

URITE:  A INTO  T(K) . CLEAR  A 

OCFE 

00 

(0320) 

FCB 

*00000000 

30 

NC? 

00FF 

00 

(0321) 

FCB 

*40000000 

31 

NOP 

0100 

(0322) 

END 

> IN 


r 

TABLE  3-8.  WRITE  ADDRESS 
(0001)  * UP  I TE-ADDPESS 

(0DO2)  * THIS  LISTING  SPECIFIES  THE  LOST  4 BITS  (P9-P12)  OF  THE 


(0003) 

* 

PROGRAM  WORD  DURING  BIT  TIMES 

1 TD  B.  BITS  P10-P12  ARE 

(0004) 

* 

PART  OF  THE 

URITE  ADDRESS 

OF  THE  SCRATCHPAD 

(0005) 

* 

(0006) 

* 

16  KBPS  ARC 

PROGRAM 

(0007) 

* 

- 

0000 

03 

(0008) 

FCB 

*1000 

00 

URITE:  '1* 

0001 

OD 

(0009) 

FCB 

*1101 

01 

ADD 

0002 

09 

(0010) 

FCB 

*1001 

02 

ADD 

0003 

CO 

(0011) 

FCB 

*0000 

03 

ADD 

0004 

00 

(0012) 

FCB 

*0000 

04 

NOP 

0005 

00 

(0013) 

FCB 

*0000 

05 

NOP 

0006 

07 

(0014) 

FCB 

*0111 

06 

URITE:  SPARE 

OOO  7 

00 

(0015) 

FCB 

*0000 

07 

ADD 

0003 

CO 

(0016) 

FCB 

*0000 

08 

HOP 

0003 

00 

(0017) 

FCB 

*0000 

09 

NOP 

0000 

07 

' (0018) 

FCB 

*0111 

10 

URITE:  SPARE 

OOOG 

00 

(0013) 

FCB 

*0000 

11 

ADD 

OOOC 

03 

(0020) 

FCB 

*0000 

12 

NOP 

0C0D 

03 

(0021) 

FCB 

*0000 

13 

NOP 

OOOE 

07' 

(0022) 

FCB 

*0111 

14 

URITE:  SPARE 

O0OF 

09 

(0023) 

FCB 

*1001 

15 

ADD 

0010 

01 

(0024) 

FCB 

*0001 

16 

URITE:  S'(K-l) 

0011 

0D 

(O025) 

FCB 

* 1 101 

17 

ADD 

0012 

05 

(0026) 

FCB 

*0101 

18 

URITE:  S' (K-2) 

0013 

04 

(0027) 

FCB 

*0100 

19 

ADD:  INITIATE  ENCODING 

✓DECODING  AND  STROBE 

0014 

03 

(0028) 

FCB 

*0011 

20 

URITE:  S'  (K-3) 

0015 

03 

(0029) 

FCB 

*1000 

21 

ADD 

0016 

00 

(0030) 

FCB 

*0000 

22 

ADD 

0017 

04 

(0031) 

FCB 

*0100 

23 

URITE:  G'(K) 

001S 

07 

(0032) 

FCB 

*0111 

24 

URITE:  SPARE 

0019 

03 

(0033) 

FCB 

*1000 

25 

ADD 

0010 

00 

(0034) 

FCB 

*0000 

26 

ADD 

00  IB 

06 

(0035) 

FCB 

*0110 

27 

URITE:  C'(K) 

O01C 

00 

(0036) 

FCB 

*0000 

28 

ADD 

00  ID 

03 

(0037) 

FCB 

*1000 

29 

CONVERT:  C-8 

00  IE 

00 

(0033) 

FCB 

*0000 

30 

ADD 

00  IF 

02 

(0039) 

(0040) 

* 

FCB 

*0010 

31 

URITE:  T (K) 

(0041) 

* 

14.4  KBPS  ARC  PROGRAM 

(0042) 

* 

6020 

03 

(0043) 

FCB 

*1000 

00 

URITE:  '1' 

0021 

: OD 

(0044) 

FCB 

*1101 

01 

ADD 

0022 

: C9 

(0045) 

FCB 

*1001 

02 

ADD 

0023 

: CO 

(0046) 

FCB 

*0000 

03 

ADD 

0024 

: CO 

(0047) 

FCB 

*0000 

04 

NOP 

0025 

: 00 

(0043) 

FCB 

*0000 

05 

NOP 

0026 

07 

(0049) 

FCB 

*0  1 1 1 

06 

URITE:  SPARE 

0027 

: 00 

(0050) 

FCB 

*0000 

07 

ADD 

0028 

: 00 

(0051) 

FCB 

*0000 

08 

NOP 

0029 

: 00 

(0052) 

FCB 

*0000 

09 

NOP 

0020 

: 07 

(0C53) 

FCB 

*0  1 1 1 

10 

URITE  SPARE 

0O2B 

: 00 

(0054) 

FCB 

*0000 

1 1 

ODD 

002C 

: 00 

(0055) 

FCB 

*0000 

12 

NOP 

0O2D 

: 00 

(0056) 

FCB 

*0000 

13 

NOP 

002E 

: 07 

(0057) 

FCB 

*0 1 1 1 

14 

URITE:  SPARE 

3-23 


TABLE  3-8. 

WRITE  ADDRESS 

(Cont) 

002F: 

09 

(0058) 

FCB 

*1001 

15:  ADD 

0030: 

ei 

(0059) 

FCB 

*0801 

16:  URITE:  S'(K-l) 

0031: 

0D 

(0060) 

FCB 

*1101 

17:  ADD 

0032: 

05 

(0061) 

FCB 

*0101 

18:  URITE:  S' (K-2) 

0O33: 

04 

(0062) 

FCB 

*0100 

19:  ADD:  INITIATE  ENCODING 

/DECODING  AND  STROBE 

0034: 

03 

(C063) 

FCB 

*00  1 1 

20:  URITE:  S' (K-3) 

0035: 

08 

(0064) 

FCB 

*1000 

21:  ADD 

0036: 

00 

10065) 

FCB 

*0000 

22:  ADD 

003’: 

04 

(0066) 

FCB 

*0100 

23:  URITE:  G'(K) 

0033: 

07 

(0067) 

FCB 

*0111 

24:  URITE:  SPARE 

0039: 

08 

(0063) 

FCB 

*1000 

25:  ADD 

0034: 

00 

(0069) 

FCB 

*0000 

25:  ADD 

003E 

08 

(0070) 

FCB 

*0110 

27:  URITE:  C' (K) 

003C 

00 

(0071) 

FCB 

*0000 

28:  ADD 

003D- 

03 

(0072) 

FCB 

*1000 

29:  CONVERT:  C«8 

003E 

00 

(0073) 

FCB 

*0000 

30:  ADD 

003F 

02 

' (0074) 

FCB 

*0010 

31:  URITE:  TOO 

(0075) 

* 

(0076) 

* 

16  KBPS  CVSD  PROGRAM 

(0077) 

* 

0040 

00 

(0073) 

FCB 

50 

00 

0041 

00 

(0079) 

FCB 

JO 

01 

0042 

00 

(0080) 

FCB 

50 

02 

0043 

00 

(0081) 

FCB 

$0 

03 

0044 

00 

(0382) 

FCB 

50 

04 

0045 

00 

(0083) 

FCB 

50 

05 

0045 

00 

(0084) 

FCB 

50 

06 

0017 

03 

(0085) 

FCB 

50 

07 

0048 

00 

(0086) 

FCB 

50 

08 

0049 

00 

(0087) 

FCB 

50 

09 

0044 

08 

(0O88) 

FCB 

*1000 

10:  URITE:  '1' 

004B 

00 

(0089) 

FCB 

*0000 

11:  ADD 

304C 

00 

(0090) 

FCB 

*0000 

12:  NOP 

CC4D 

00 

(0091) 

FCB 

*0000 

13:  NOP 

004E 

07 

(0092) 

FCB 

*0111 

14:  URITE:  SPARE 

C04F 

03 

(0893) 

FCB 

*1000 

15:  ADD 

0050 

00 

(0094) 

FCB 

50 

16 

0051 

00 

(8095) 

FCB 

50 

17 

0052 

00 

(0096) 

FCB 

50 

18 

0053 

GO 

(0097) 

FCB 

50 

19 

0054 

00 

(0093) 

FCB 

50 

20 

0055 

00 

(0099) 

FCB 

50 

21 

0055 

ee 

(0100) 

FCB 

50 

22 

0057 

00 

(0101) 

FCB 

50 

23 

0053 

00 

(0102) 

FCB 

$0 

24 

0C59 

00 

(0103) 

FCB 

50 

25 

0054 

00 

(0104) 

FCB 

*0000 

26:  ADD 

0058 

01 

(0105) 

FCB 

*0001 

27:  URITE:  S'(K-l) 

005C 

04 

',0106) 

FCB 

*0100 

28:  ADD: INITIATE  STROBE 

005D 

07 

(0107) 

FCB 

*0  1 1 1 

29:  URITE:  SPARE 

005E 

00 

(0108) 

FCB 

*0000 

30:  ADD 

005F 

02 

(0109) 

FCB 

*0010 

31 : URITE:  T (K) 

(0110) 

* 
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TABLE  3-8. 

WRITE  ADDRESS 

(Cont) 

(Dili) 

* 

16  KBFS  ODM 

PROGRAM 

0OA0 

00 

(0112) 

FC6 

$0 

00 

0061 

00 

^01 13) 

FCB 

40 

01 

0062 

00 

^01 14) 

FCB 

$0 

02 

0063 

00 

(0115) 

FCB 

40 

03 

0064 

00 

(0116) 

FCB 

$0 

04 

0065 

00 

(0117) 

FCB 

$0 

05 

0066 

00 

(0118) 

FCB 

$0 

06 

006? 

00 

(0119) 

FCB 

$0 

07 

0063 

CO 

(0120) 

FCB 

40 

0B 

0069 

GO 

(0121) 

FCB 

$0 

09 

O06A 

08 

(0122) 

FCB 

21000 

10 

WRITE:  '1' 

0066 

00 

(0123) 

FCB 

20000 

11- 

ADD 

OObC 

00 

(0124) 

FCB 

20000 

12 

NOP 

0O6D 

GO 

(0125) 

FCB 

20000 

13 

NOP 

006E 

07 

(0126) 

FCB 

20111 

14 

WRITE:  SPARE 

006F 

00 

(0127) 

FCB 

20000 

15 

ADD 

0070 

CO 

' (0128) 

FCB 

40 

16 

0071 

00 

(0129) 

FCB 

40 

17 

0072 

OO 

(0130) 

FCB 

40 

18 

COi  3 

00 

(0131) 

FCB 

$0 

19 

0074 

00 

(0132) 

FCB 

$0 

20 

0075 

00 

(0133) 

FCB 

40 

21 

0076 

00 

(0134) 

FCB 

40 

22 

007? 

00 

(0135) 

FCB 

S3 

23 

0078 

00 

(0136) 

FCB 

$0 

24 

0079 

00 

(0137) 

FCB 

$0 

25 

007A 

01 

(0133) 

FCB 

2000 1 

26 

WRITE:  S'(K-l) 

0076 

03 

(0139) 

FCB 

21000 

27 

ADD 

007C 

04 

iG142) 

FCB 

20100 

23 

ADD: INITIATE  STROBE 

007D 

04 

(3141) 

FCB 

20100 

29 

WRITE:  G'(K) 

007E 

07 

(0142) 

FCB 

20  1 1 1 

30 

CONVERT:  C=7 

007F 

02 

(0143) 

FCB 

20010 

31 

WRITE:  T (K) 

.0144) 

* 

. 

(0145) 

* 

9.6  KBPS  ARC  PROGRAM 

(0146) 

X 

0083 

03 

(0147) 

FCB 

21001 

00 

WRITE:  '1' 

0081 

OP 

(0143) 

FCB 

21101 

01 

ADD 

0032 

09 

(0149) 

FCB 

21001 

02 

ADD 

0003 

00 

(0150) 

FCB 

20000 

03 

ADD 

0034 

00 

(0151) 

FCB 

20000 

04 

HOP 

0035 

00 

(0152) 

FCB 

20000 

05 

NOP 

0036 

07 

(0153) 

FCB 

20111 

OS 

WRITE:  SPARE 

0087 

00 

(0154) 

FCB 

20000 

07 

ADD 

0083 

00 

(0155) 

FCB 

20OO0 

03 

NOP 

0089 

00 

(0156) 

FCB 

20000 

09 

NOP 

C03h 

07 

(0157) 

FCB 

20111 

10 

WRITE  SPARE 

0036 

00 

(0158) 

FCB 

20000 

1 1 

ADD 

008C 

on 

(0159) 

TCB 

20000 

12 

NOP 

008D 

00 

(0160) 

FCB 

20000 

13 

NOP 

0O3E 

07 

(0161) 

FCB 

20111 

14 

WRITE:  SPARE 

0C-8F 

09 

(0162) 

FCB 

21001 

15 

ADD 

0090 

00 

(0163) 

FCB 

20O00 

16 

WRITE:  S'(K-l) 

0091 

OD 

(0164) 

FCB 

21101 

17 

ADD 

0092 

05 

(0165) 

FCB 

20101 

18 

WRITE:  S' (K-2) 

0093 

04 

(0166) 

FCB 

20100 

19 

ADD:  INITIATE  ENCODING 

/DECODING  RND  STROEE 
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TABLE  3-8. 

WRITE  ADDRESS 

(Cont) 

0094: 

03 

(0167) 

FCB 

70011 

20 

WRITE:  S' (K-3) 

0095 : 

08 

(0  ICG) 

FCB 

7 1000 

21 

ADD 

0096: 

00 

(0169) 

FCB 

7.0000 

22 

ADD 

0097: 

04 

(0170) 

FCB 

70100 

23 

WRITE:  G'(K) 

0098: 

07 

^0 1 7 1 ) 

FCB 

70111 

24 

WRITE:  SPARE 

00^9: 

OS 

(0172) 

FCB 

71000 

25 

ADD 

009A: 

00 

(0173) 

FCB 

70000 

26 

ADD 

609B : 

06 

(0174) 

FCB 

70110 

27 

WRITE:  C' (K) 

009C : 

00 

(0175) 

FCB 

70000 

28 

ADD 

009D: 

09 

(0176) 

FCB 

71001 

29 

CONVERT:  C«9 

0O9E : 

00 

(0177) 

FCB 

70000 

30 

ADD 

009F : 

02 

(0173) 

FCB 

70010 

31 

WRITE:  TOO 

(0179)  * 

(0180)  * UNSPECIFIED 


(0181)  * 

G0AO 

00 

(0182) 

FCB 

$0 

00 

00A 1 

00 

(0183) 

FCB 

$0 

01 

00A2 

00 

(0184) 

FCB 

10 

02 

0OA3 

00 

'(0185) 

FCB 

SO 

03 

0OA4 

00 

(C 1S6) 

FCB 

$0 

.04 

00A5 

00 

(0187) 

FCB 

S0 

05 

00A6 

00 

(0188) 

FCB 

SO 

06 

C0A7 

00 

(0189) 

FCB 

S0 

07 

OCAS 

CO 

(0190) 

FCB 

SO 

08 

OCAS 

00 

(0191) 

FCB 

SO 

09 

00AA 

00 

(O 1S2) 

FCB 

$0 

10 

00AB 

00 

(3193) 

FCB 

S0 

11 

00AC 

00 

(0194) 

FCB 

SO 

12 

00AD 

00 

(0195) 

FCB 

SO 

13 

0OAE 

C0 

(0196) 

FCB 

$0 

14 

00AF 

00 

(0197) 

FCB 

SO 

15 

OCBO 

00 

(0193) 

FCB 

S0 

16 

0OB 1 

00 

(0199) 

FCB 

S0 

17 

00B2 

00 

(0200) 

FCB 

S0 

18 

00B3 

00 

(0201) 

FCB 

S0 

19 

00B4 

00 

(0202) 

FCB 

S0 

20 

0085 

00 

(0203) 

FCB 

$0 

21 

0OB6 

00 

(0204) 

FCB 

$0 

22 

0CB7 

00 

(8205) 

FCB 

$0 

23 

0OB3 

00 

(0206) 

FCB 

$0 

24 

0OB9 

00 

(0207) 

FCB 

$0 

25 

COEA 

CO 

(0203) 

FCB 

$0 

26 

G0BB 

00 

(0209) 

FCB 

$0 

27 

0OBC 

00 

(0210) 

FCS 

$0 

28 

0OED 

00 

(0211) 

FCB 

$0 

29 

O0BE 

00 

(0212) 

FCB 

$0 

30 

00BF 

00 

(0213) 
(0214)  * 

FCB 

$0 

31 

(0215)  *9.6  KBPS  CVSD  PROGRAM 
(0218)  * 


OCC0: 

00 

(0217) 

FCB 

SO 

00 

OOCl: 

00 

(0218) 

FCB 

SO 

01 

0OC2: 

AO 

(0219) 

FCB 

so 

02 

0OC3: 

00 

(0220) 

FLB 

so 

03 

0OC4: 

00 

(0221) 

FCB 

so 

04 

00C5: 

00 

(0222) 

FCB 

so 

05 

00C6: 

00 

(0223) 

FCB 

70000 

06:  NOP 

00C-7 : 

00 

(0224) 

FCB 

7OOO0 

07:  NOP 

OOCS: 

00 

(0225) 

FCB 

70000 

08:  NOP 

TABLE  3-8.  WRITE  ADDRESS  (Cont) 


0DC9 

00 

(0226) 

FCB 

*0000 

09 

NOP 

OOCA 

03 

(0227) 

FCB 

*1000 

10 

WRITE: 

*1* 

OOCB 

00 

(0228) 

FCB 

*0000 

11 

ADD 

OOCC 

00 

(0229) 

FCB 

*0000 

12 

NOP 

00CD 

00 

(0230) 

FCB 

*0000 

13 

NOP 

0OCE 

07 

(0231) 

FCB 

*0111 

14- 

WRITE: 

SPARE 

00CF 

08 

(0232) 

FCB 

*1000 

15: 

ADD 

00D0 

00 

(0233) 

FCB 

SO 

16 

00D 1 

00 

(0234) 

FCB 

$0 

17 

00D2 

00  ’ 

(0235) 

FCB 

$0 

18 

00D3 

00 

(0236) 

FCB 

$0 

19 

C0D4 

00 

(0237) 

FCB 

$0 

20 

00D5 

00 

(0238) 

FCB 

S0 

21 

80DS 

00 

(0239) 

FCB 

*0000 

22 

ADD 

00D7 

01 

(0240) 

FCB 

*0001 

23 

WRITE: 

S'  o:-n 

00D8 

07 

(0241) 

FCB 

*0111 

24 

WRITE: 

SPARE 

00D9 

04 

(0242) 

FCB 

*0100 

25 

ADD:  INITIATE  STROBE 

0QDA 

07 

* (0243) 

FCB 

*0111 

26 

WRITE: 

SPARE 

0ODB 

00 

(0244) 

FCB 

*0000 

27 

ADD 

00DC 

02 

(0245) 

FCB 

*0010 

28 

WRITE: 

TOO 

0CDD 

00 

(0246) 

FCB 

*0000 

29 

NOP 

0QDE 

00 

(0247) 

FCB 

*0000 

30 

NOP 

0ODF 

00 

(0243) 

(0249) 

* 

FCB 

*0000 

31 

NOP 

(0250) 

He  5.6 

KBPS 

ADn  PROGRAM 

(0251) 

H< 

00E0 

00 

(0252) 

FCB 

$0 

00 

00E1 

CO 

(0253) 

FCB 

$0 

01 

00E2 

00 

(0254) 

FCB 

$0 

02 

0CE3 

00 

(0255) 

FCB 

$0 

03 

0OE4 

00 

(0256) 

FCB 

$0 

04 

0OE5 

00 

(0257) 

FCB 

S0 

05 

0OE5 

03 

(0253) 

FCB 

*1000 

06 

WRITE: 

*.r 

0OE7 

0B 

(0259) 

FCB 

*1101 

07 

ADD 

0OE8 

09 

(0260) 

FCB 

*1001 

08 

ADD 

00E9 

00 

(0261) 

FCB 

*0000 

09 

ADD 

00EA 

00 

(P262) 

FCB 

*0000 

10 

NOP 

0CEB 

00 

(0263) 

FCB 

*0000 

1 1 

NOP 

0OEC 

07 

(0264) 

FCB 

*0111 

12 

WRITE: 

SPARE 

0OED 

09 

(0265) 

FCB 

*1001 

13 

ADD 

0OEE 

01 

(0266) 

FCB 

*0001 

14 

WRITE: 

S' CK-1) 

00EF 

08 

(0267) 

FCB 

*1000 

15 

ADD 

OOF0 

00 

(0268) 

FCB 

SO 

16 

0CF  1 

00 

(G269) 

FCB 

so 

17 

00F2 

00 

(0270) 

FCB 

S0 

18 

00F3 

00 

(G271) 

FCB 

S0 

19 

00F4 

00 

(0272) 

FCB 

so 

20 

00F5 

00 

(0273) 

FCB 

so 

21 

DOTS 

05 

(0274) 

FCB 

*0101 

22 

WRITE: 

S'  (K-2) 

P0F7 

00 

(0275) 

FCB 

*0000 

23 

ADD 

00F9 

03 

• (0276) 

FCB 

*00  1 1 

24 

WRITE: 

S'  (K-3) 

CCF9 

03 

(0277) 

FCB 

*1000 

25 

ADD 

OOFA 

04 

(0278) 

FCB 

*0100 

26 

ADD:  INITIATE  STROBE 

00FB 

04 

(0279) 

FCB 

*0100 

27 

WRITE: 

G'  (K) 

00FC 

07 

(0280) 

FCB 

*0111 

28 

CONVERT:  C-7 

00FD 

02 

(0281) 

FCB 

*0010 

29 

WRITE: 

TCK) 

0OFE 

00 

(0232) 

FCB 

*0000 

30 

NOP 

COFF 

00 

(0283) 

(0284) 

END 

FCB 

*0000 

31 

NOP 

0100 


TABLE  3-9.  READ  ADDRESS 
(0001)  * EEAD-ADDPESS 

(0002)  * THIS  LISTING  SPECIFIES  THE  LAST  4 DITS  (P9-P12)  OF  THE  PROGRAM 


(0003) 

* 

UORD  DURING  BIT  TIMES  9 

TO  16. 

BITS  P10-PI2  ARE  PART  OF 

(0004) 

* 

THE  READ 

ADDRESS  OF  THE 

SCRATCHPAD 

(0005) 

* 

(0006) 

* 

16  KBPS  ARC  PROGRAM 

(0007) 

* 

0000 

OB 

(0003) 

FCB 

X101 1 

00 

URITE:  LOAD  S' (K-3) 

0001 

OD 

(0009) 

FCB 

XI 101 

01 

ADD:  LOAD  S' (K-2) 

0002 

09 

(0010) 

FCB 

X 100  1 

02 

ADD:  LOAD  S' (K-l) 

0003 

00 

(0011) 

FCB 

X0000 

03 

ADD 

0004 

00 

(0012) 

FCB 

X00O0 

04 

NOP 

0005 

00 

(0013) 

FCB 

X0OO0 

05 

NOP 

ooos 

OA 

(0014) 

FCB 

X101O 

06 

URITE:  LOAD  T (K) 

0007 

00 

(0015) 

FCB 

X000O 

07 

ADD 

0003 

00 

(0016) 

FCB 

X0000 

08 

NOP 

0009 

00 

(0017) 

FCB 

X0000 

09 

NOP 

OOOA 

OA 

. (0018) 

FCB 

X 10 10 

10 

URITE:  LOAD  TOO 

00OB 

00 

(0019) 

FCB 

X00A0 

11 

ADD 

0OOC 

00 

(0020) 

FCB 

X00O0 

12 

NOP 

OOuD 

00 

(0021) 

FCB 

X00O0 

13 

NOP 

00OE 

OA 

(0022) 

FCB 

X101Q 

14 

URITE:  LOAD  T(K) 

OOCF 

09 

(0023) 

FCB 

X1001 

15 

ADD:  LOAD  S' (K-l) 

0010 

00 

(0024) 

FCB 

X0000 

16 

URITE 

0011 

OD 

(0O25) 

FCB 

XI  101 

17 

ADD:  LOAD  S' (K-2) 

0012 

00 

(0026) 

FCB 

X00OO 

18 

URITE 

0013 

04 

(0027) 

FCB 

X010O 

19 

ADD:  INITIATE  ENCODING 

/DECODING  AND  STROBE 

0014 

OC 

(0028) 

FCB 

XI  100 

20 

URITE:  LOAD  G' (K) 

0015 

08 

(0029) 

FCB 

X 1000 

21 

ADD:  LOAD  ' 1' 

001G 

00 

(0030) 

FCB 

X0000 

22 

ADD 

0017 

00 

(0031) 

FCB 

X0000 

23 

URITE 

0018 

OE 

(0032) 

FCB 

Xll  10 

24 

URITE:  LOAD  C' (K) 

0019 

08 

(0033) 

FCB 

XI 000 

25 

ADD:  LOAD  'l' 

00 1 A 

00 

(0034) 

FCB 

XO00O 

26 

ADD 

00  IE 

OC 

(0035) 

FCB 

XI 100 

27 

URITE:  LOAD  G' (K) 

0O1C 

00 

(0036) 

FCB 

X0000 

20 

ADD 

00  ID 

08 

(0037) 

FCB 

X 1 000 

29 

CONVERT:  K-e.  LOAD  '1'  I 

00  IE 

00 

(0033) 

FCB 

X0000 

30 

ADD 

00  IF 

00 

(0039) 

FCB 

XOOO0 

31 

URITE 

(0040) 

* 

,-T*. 

(0041) 

* 

14.4  KBPS  ARC  PROGRAM 

(0042) 

* 

0020 

OB 

(0043) 

FCB 

X101  1 

00 

URITE:  LOAD  S' (K-3) 

0021 

OD 

(0044) 

FCB 

XI  101 

01 

ADD:  LOAD  S' (K-2) 

0022 

09 

(0045) 

FCB 

X1001 

02 

ADD:  LOAD  S' (K-l) 

0023 

00 

(0046) 

FCB 

X0O00 

03 

ADD 

0024 

00 

(0047) 

FCB 

X0O0O 

04 

NOP 

0025 

00 

(0G4G) 

FCB 

XOOQQ 

05 

NOP 

0025 

OA 

(0049) 

FCB 

X1010 

06 

URITE:  LOAD  TOO 

n O — 
UVu  l 

00 

(0050) 

FCB 

X0O00 

07 

ADD 

c-u—d 

00 

(0051) 

FCB 

XO000 

08 

NOP 

01)29 

03 

(0052) 

FCB 

XOOO0 

09 

NOP 

002A 

0H 

(0053) 

FCB 

X 10  10 

10 

URITE:  LOAD  TOO 

0026 

c: 

(0054) 

FCB 

X00OO 

11 

ADD 

002C 

00 

(0055) 

FCB 

X0O00 

12 

NOP 

002D 

00 

(0056) 

FCB 

X0OOO 

13 

NOP 

002E 

OA 

(0057) 

FCB 

X1010 

14 

URITE:  LOAD  T (K) 

002F 

09 

(0053) 

FCB 

X1001 

15 

ADD:  LOAD  S' (K-l) 

3-28 


TABLE  3-9. 

READ  ADDRESS 

(Cont) 

0030: 

CO 

(0059) 

Fee 

X0000 

16:  URITE 

0031: 

OD 

(0050) 

FCB 

XI 101 

17:  ADD:  LOAD  S' (K-2) 

0032: 

00 

(0061) 

FCB 

X0OQ0 

18:  URITE 

0033 : 

0 4 

(0062) 

FCB 

X0100 

19:  ADD:  INITIATE  ENCODING 

/DECODING  FIND  STRDBE 

0034: 

OC 

(0063) 

FCB 

XI 100 

20:  URITE:  LOAD  G' (K) 

0035: 

08 

(0364) 

FCB 

X1OO0 

21:  ADD:  LOAD  '1' 

0035: 

00 

(0065) 

FCB 

XOOOO 

22:  ADD 

0937: 

00 

(0066) 

FCB 

X0OOQ 

23:  URITE 

0033: 

OE 

(0067) 

FCB 

XU10 

24:  URITE:  LOAD  C' (K) 

0039: 

03 

(0063) 

FCB 

XI 000 

25:  ADD:  LOAD  ' I' 

003ft: 

00 

(0069) 

FCB 

xoooo 

26:  ADD 

0O5B : 

OC 

(0070) 

FCB 

XI 100  / 

27:  URITE:  LOAD  G' (K) 

0C3C : 

00 

(0071) 

FCB 

xoooo 

28:  ADD 

003D: 

08 

(0072) 

FCB 

X1000 

29:  CONVERT:  K»8.  LOAD  T 

003E : 

00 

(0073) 

FCB 

XOOOO 

30:  ADD 

003F : 

00 

- (0074) 

FCB 

xoooo 

31:  URITE 

(0075) 

* 

(0076) 

* 

16  KBPS  CVSD  PROGRAM 

(0077) 

* 

0040: 

00 

(0078) 

FCB 

$0 

00 

0041: 

00 

(0079) 

FCB 

$0 

01 

0042: 

00 

(0080) 

FCB 

$0 

02 

0043: 

00 

(0081) 

FCB 

so 

03 

0044: 

00 

(0082) 

FCB 

so 

04 

0945: 

00 

(0083) 

FCB 

$0 

05 

0046 : 

00 

(0084) 

FCB 

so 

06 

0047: 

03 

(0035) 

FCB 

so 

07 

0048: 

00 

(OO 86) 

FCB 

so 

08 

0043: 

CO 

(6037) 

FCB 

so 

09 

004ft: 

09 

(0088) 

FCB 

xiooi 

10:  URITE:  LOAD  S'(K-l) 

00  4S: 

00 

(OOP?) 

FCB 

xoooo 

il:  ADD 

OCUC : 

00 

(0090) 

FCB 

xoooo 

12:  NOP 

0045: 

CO 

(0091) 

PCB 

xoooo 

13:  NOP 

0045: 

Ori 

(0032) 

FCB 

X 10 10 

14:  URITE:  LOAD  T(K) 

CC4F: 

Do 

i00S3) 

FCB 

X 1000 

15:  ADD:  LOAD  ' 1' 

0050 : 

0 

» OmSU) 

FCB 

so 

16 

005 1 : 

< 3395) 

FCB 

so 

17 

0052: 

lOCre) 

FCB 

so 

13 

0053: 

00 

(0097) 

FCB 

so 

19 

0054: 

CO 

(0098) 

FCB 

so 

20 

0055: 

00 

(0093) 

FCB 

$0 

21 

0056: 

00 

(0100) 

FCB 

$0 

22 

0057: 

00 

(0101) 

FCB 

so 

23 

0058 : 

00 

(0102) 

FCB 

so 

24 

0059: 

00 

(0103) 

FCB 

so 

25 

0050: 

00 

(0104) 

FCB 

xoooo 

26:  ADD 

005B : 

Oft 

(0105) 

FCB 

X1010 

27:  URITE:  LOAD  T(K) 

005C : 

04 

(0106) 

FCB 

X010O 

23:  ADD:  INITIATE  STROBE 

005  P: 

08 

(0107) 

FCB 

X 1000 

29:  URITE:  LOAD  '1' 

005E : 

00 

(0108) 

FCB 

X00O0 

30:  ADD 

005F : 

00 

(0109) 

FCB 

x000o 

31:  URITE 

(0110) 

* 

IN  R 
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TABLE  3-9.  READ  ADDRESS  (Cont) 


(0111) 

* 

16  KBPS  ADM 

PROGRAM 

(0112) 

* 

0060 

00 

(0113) 

FCB 

$0 

00 

006  I 

00 

(0114) 

FCB 

SO 

01 

006  2 

00 

(0115) 

Fee 

SO 

02 

CC63 

00 

(0116) 

FCB 

SO 

03 

0064 

CO 

(0117) 

FCB 

$0 

04 

0065 

00 

(0118) 

FCB 

SO 

05 

0066 

00 

(0119) 

FCB 

SO 

06 

0O67 

00 

(0120) 

FCB 

SO 

07 

0063 

00 

(0121) 

FCB 

so 

08 

0069 

00 

(0122) 

FCB 

so 

09 

0D6A 

09 

(0123) 

FCB 

5(1001 

10 

WRITE:  LOAD  S'CK-i) 

O06B 

00 

. (0124) 

FCB 

5(0000 

11 

ADD 

006C 

00 

(0125) 

FCB 

5(0000 

12 

NOP 

006D 

00 

(0126) 

FCB 

5(0000 

13 

NOP 

006E 

00 

(0127) 

FCB 

5(1010 

14 

URITE:  LOAD  T(K) 

006F 

00 

' (6123) 

FCB 

5(0000 

15 

ADD 

ooro 

00 

(0129) 

FCB 

SO 

16 

0071 

00 

(0130) 

FCB 

$0 

17 

0072 

00 

(0131) 

FCB 

SO 

18 

0073 

60 

(0132) 

FCB 

S0 

19 

0074 

06 

(0133) 

FCB 

so 

20 

00~5 

00 

(0134) 

FCB 

$0 

21 

0076 

00 

(0135) 

FCB 

$0 

22 

0077 

CO 

( 0 1 36 ) 

FCB 

$0 

23 

0073 

CO 

(0137) 

FCB 

so 

24 

0079 

00 

(0138) 

FCB 

so 

25 

807A 

oc 

(0139) 

FCB 

5(1100 

26 

URITE:  LOAD  G' (K) 

007B 

03 

(0140) 

FCB 

5(1000 

27 

ADD.  LOAD  ' 1' 

007C 

04 

(0141) 

FCS 

5(0100 

23 

ADD:  INITIATE  STROBE 

0O7D 

00 

(0 142) 

FCB 

5(0000 

29 

URITE 

0C7E 

07 

(0143) 

FCB 

5(0111 

30 

CONVERT:  K=7 

067= 

uC 

(0144) 

FCB 

20000 

31 

URITE  • 

(0145) 

* 

(0146) 

* 

9.6  KBPS  ARC 

PROGRAM 

(0147) 

X 

0030 

03 

(0143) 

FCB 

21011 

00 

URITE:  LOAD  S' (K-3) 

0031 

CD 

(0149) 

FCB 

5(1  101 

01 

ADD:  LOAD  S' (K-2) 

0032 

03 

(0150) 

FCB 

5(1000 

02 

ADD:  LOAD  S' CK- 1 ) 

0093 

00 

(0151) 

FCB 

5(0000 

03 

ADD 

0084 

00 

10152) 

FCB 

5(0000 

04 

NOP 

0085 

00 

(0153) 

FCB 

20000 

05 

NOP 

0086 

00 

(0154) 

FCD 

5(1010 

06 

URITE:  LOAD  T (K) 

0037 

00 

(0155) 

FCB 

20000 

07 

HDD 

0083 

00 

(0156) 

FCB 

20000 

08 

NOP 

0039 

00 

(C 157) 

FCB 

5(0000 

09 

NOP 

COCA 

0A 

(0158) 

FCB 

21010 

10 

URITE:  LOAD  T(K) 

0088 

00 

(0159) 

FCB 

5(0000 

11 

ADD 

008C 

00 

(0160) 

FCB 

5(0000 

12 

NOP 

0090 

00 

(0161) 

FCB 

20000 

13 

NOP 

008E 

00 

(0162) 

FCB 

21010 

14 

URITE:  LOAD  T (K) 

U0OF 

03 

(.6163) 

FCB 

5(1000 

15 

ADD:  LOAD  S’(K-l) 

0090 

00 

(0164) 

FCB 

20000 

16 

URITE 

0031 

0D 

(0165) 

FCB 

21101 

17 

ADD:  LOAD  S' (K-2) 

0092 

CO 

(0166) 

FCB 

20000 

19 

URITE 

0093 

04 

(0167) 

FCB 

5(0100 

19 

ADD:  INITIATE  ENCODING 

/DECODING  AND  STROBE 


TABLE  3-9.  READ  ADDRESS  (Cont) 


0094 

0C 

(0168) 

FCB 

* 1 100 

20 

URITE:  LORD  G'(K) 

0095 

09 

(0163; 

FC6 

*1001 

21 

9DD:  LOAD  '1' 

0096 

00 

(0170) 

FCB 

*0000 

22 

ADD 

009? 

00 

(0171) 

FCB 

*0000 

23 

UPITE 

0098 

0E 

(0172) 

FCB 

*11 10 

24 

URITE:  LORD  C'  CIO 

0099 

09 

(0173) 

FCB 

*1001 

25 

ADD:  LORD  '1* 

0038 

00 

(0174) 

FCB 

*0000 

26 

ADD 

003B 

PC 

(0175) 

FCB 

*1100 

27 

URITE:  LORD  G' (K) 

009C 

00 

(0176) 

FCB 

*0000 

28 

ADD 

009D 

03 

(0177) 

FCB 

*1001 

29 

CONVERT:  K-9.  LORD 

009E 

00 

(0173) 

FCB 

*0000 

30 

ADD 

0O9F 

00 

(0179) 

FCB 

*0000 

31 

URITE 

(0160) 

* 

(0181) 

* 

UNSPECIFIED 

(0182) 

* 

0000 

ec 

(0183) 

FCB 

$0 

00 

0091 

00 

(0184) 

FCB 

S0 

01 

0002 

00 

- (0185) 

FCB 

S0 

02 

000? 

OP 

(0186) 

FCB 

S0 

03 

0094 

00 

(0187) 

FCB 

$0 

04 

0395 

00 

(0168) 

FCB 

$0 

05 

0006 

00 

(0189) 

■ FCB 

$0 

06 

0097 

00 

(0190) 

FCB 

$0 

07 

0308 

00 

(0191) 

FCB 

$0 

08 

0089 

00 

(0192) 

FCB 

$0 

09 

0008 

00 

(0193) 

FCB 

$0 

10 

0006 

00 

(0194) 

FCB 

10 

1 1 

000C 

00 

(0195) 

FCB 

$0 

12 

00AD 

00 

(0196) 

FCB 

$0 

13 

0O8E 

00 

(3197) 

FCB 

SO 

14 

000F 

00 

(0138) 

FCB 

$0 

15 

00EO 

00 

(0139) 

FCB 

S0 

16 

0061 

00 

(0200) 

FCB 

S0 

1? 

0062 

00 

(0201) 

FCB 

SO 

18 

0063 

00 

(02O2) 

FCB 

S0 

19 

0QB4 

00 

(0203) 

FCB 

$0 

20 

0065 

00 

(0204) 

FCB 

$0 

21 

0066 

00 

(0205) 

FCB 

S0 

22 

0067 

03 

(0206) 

FCB 

S3 

23 

0068 

03 

(0207) 

FCB 

$0 

24 

0CB3 

00 

(0203) 

FCB 

$0 

25 

0066 

00 

(0209) 

FCB 

S0 

26 

0066 

00 

(0210) 

FCB 

SO 

27 

00BC 

00 

•0211) 

FCB 

$0 

23 

O0BD 

00 

(0212) 

FCB 

$0 

29 

O06E 

00 

(0213) 

FCB 

SO 

30 

00eF 

00 

(0214) 

FCB 

SO 

31 

(0215) 

* 

(0216) 

* 

9.6  KBPS 

CVSD  PROGRAM 

(021?) 

* 

00C0 

00 

(0218) 

FCB 

$0 

00 

00C  1 

00 

(0219) 

FCB 

so 

01 

00C2:  00 

(0220) 

FCB 

$0 

02 

0OC3 

00 

(0221) 

FCB 

$0 

03 

00C4:  00 

(0222) 

FCB 

$0 

04 

0OC5 

00 

(0223) 

FCB 

so 

05 

00C6 

00 

(0224) 

FCB 

*0000 

06 

NOP 

00C7 

00 

(0225) 

FCB 

*0000 

0? 

NOP 

'1*  IN  R 
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TABLE  3-9.  READ  ADDRESS  (Cont) 


0DC8 

00 

(0226) 

FOB 

5(0000 

08: 

HOP 

0OC9 

00 

(022?) 

FOB 

5(0000 

09: 

HOP 

0OCA 

09 

(0228) 

FOB 

5(1001 

10: 

URITE:  LOAD  S*(K-1) 

once 

00 

(0229) 

FCB 

5(0000 

11: 

ADD 

0OCC 

00 

(023O) 

FCB 

5(0000 

12: 

NOP 

O0CD 

00 

(0231) 

FCB 

5(0000 

13: 

NOP 

0OCE 

OA 

(0232) 

•> 

FCB 

5(1010 

14: 

URITE:  LOAD  T(K) 

0OCF 

08 

(0233) 

FCB 

5(1000 

15: 

ADD:  LOAD  *}* 

oopo 

00 

(0234) 

FCB 

$0 

16 

cor>  1 

00  . 

(0235) 

FCB 

$0 

17 

00D2 

00 

(0236) 

FCB 

$0 

18 

00D3 

00 

(023?) 

FCB 

$0 

19 

O0D4 

00 

(0233) 

FCB 

$0 

20 

00D5 

00 

(0239) 

FCB 

$0 

21 

00Db 

03 

(0240) 

FCB 

5(0000 

22 

ADD 

ooDr 

00 

(0241) 

FCB 

5(0000 

23 

URITE 

0OD8 

08 

(0242) 

FCB 

5(1010 

24 

URITE:  LOAD  T (K) 

0GD9 

04 

- (0243) 

FCB 

5(0100 

25 

ADD:  INITIATE  STROBE 

00DA 

03 

(0244) 

FCB 

5(1000 

26 

URITE:  LOAD  'I* 

0ODB 

00 

(0245) 

FCB 

5(0000 

27 

ADD 

0ODC 

00 

(0246) 

FCB 

5(0000 

28 

URITE 

00DD 

00 

(0247) 

FCB 

5(0000 

29 

NOP 

00DE 

00 

(0243) 

FCB 

5(0000 

30 

NOP 

00DF 

00 

(0249) 

FCB 

5(0080 

31 

NOP 

(0250) 

* 

(0251) 

* 9.6 

KBPS 

ADM  PROGRAM 

(0252) 

* 

0OE0 

00 

(0253) 

FCB 

$0 

00 

00E 1 

00 

(0254) 

FCB 

$0 

01 

00E2 

00 

(0255) 

FCB 

$0 

02 

00E3 

00 

(0256) 

FCB 

$0 

03 

00E4 

00 

(0257) 

FCB 

$0 

04 

GOES 

GO 

(0253) 

FCB 

*0 

05 

GOES 

OS 

(0259) 

FCB 

5(101  1 

06 

URITE:  LOAD  S' (K-3) 

00E7 

0D 

(0260) 

FCB 

5(1101 

07 

ADD:  LOAD  S' CK-2) 

00E3 

03 

(0261) 

FCB 

5(1001 

08 

ADD:  LOAD  S' (K-l) 

0CE9 

00 

(0262) 

FCB 

5(0000 

09 

ADD 

00EA 

00 

(8263) 

FCB 

5(0000 

10 

NOP 

0OEB 

00 

(0264) 

FCB 

5(0000 

11 

NOP 

0OEC 

OA 

(0265) 

FCB 

5(1010 

12 

URITE:.  LOAD  T(K) 

COED 

09 

(0266) 

FCB 

5(1001 

13 

ADD:  LOAD  S' (K-l) 

COEE 

DC 

( 0267 ) 

FCB 

5(0000 

14 

URITE 

0OEF 

or 

(0263'' 

FCB 

5(1101 

15 

ADD:  LOAD  S' CK-2) 

0CF0 

00 

(0269) 

FCB 

$0 

16 

OOF  1 

00 

(0270) 

FCB 

$0 

17 

0OF2 

CO 

(0271) 

FCB 

$0 

18 

00F3 

00 

(0272) 

FCB 

JO 

19 

OOF  4 

CO 

(0273) 

FCB 

*0 

20 

OOFS 

00 

(0274) 

FCB 

$0 

21 

0CP6 

00 

(0275) 

FCB 

5(0000 

22 

URITE 

OOF  7 

00 

(0276) 

FCB 

5(0000 

23 

ADD 

OOFS 

0C 

(0277) 

FCB 

5(1100 

24 

URITE:  LOAD  G'(K) 

O0FQ 

03 

(0278) 

FCB 

5(1000 

25 

ADD:  LOAD  ' 1' 

0OFA 

04 

(0279) 

FCB 

5(0100 

26 

ADD:  INITIATE  STROBE 

0CF3 

00 

i 0230) 

FCB 

5(0000 

27 

URITE 

0OFC 

or 

(G28 1 ) 

FCB 

5(01  1 1 

28 

CONVERT:  K«7 

CCFD 

00 

(0282) 

FCB 

5(0000 

29 

URITE 

0OFE 

oc 

(0283) 

FCB 

5(0000 

30 

NOP 

OOFF 

00 

(0234) 

FCB 

5(0000 

31 

NOP 

0100 

(0285) 

END 

’■.'-.'VST 


3.4.2  PROGRAM  AND  PARAMETER  ROM's 

The  schematic  for  the  program  and  parameter  ROM's  is  given  in  Figure  3-10.  As 
mentioned  above,  the  program  ROM  (74S471,  Jl)  and  the  write-  (74S287,  A13)  and  read- 
address  (74S287,  A12)R0M' s "are  all  addressed  by  the  mode-control  signals  MO,  Ml,  M2 
and  the  program  count  W5....W1.  The  outputs  of  the  two  256x4  address  ROM's  are  tied 
together  to  provide  the  scratchpad  address  bits  P10,  Pll,  P12  and  a control  bit  P9. 
The  write-address  ROM  is  enabled  during  the  first  half  of  each  word  time  and  the 
read-address  ROM  is  enabled  for  the  last  half  of  the  word  time.  The  mode  control 
signals  MO,  Ml,  M2  and  the  control  signals  P3,  P7  and  P8  form  the  first  6 address 
bits  of  the  parameter  ROM.  The  last  two  address  bits  (G,  H)  are  given  as  follows: 


P3  G H 

0 Ql»  Q2 

1 P4,  0 

0 BK1 , BK2 

1 P4,  0 

Clearly,  the  parameters  are  independent  of  the  quantizer  level  (present  and  two 
previous  quantizer  levels  in  the  case  of  CVSD/ADM)  when  P3=l.  Table  3-6  shows  the 
address  assignments  for  different  parameters. 

The  8-bit  output  of  the  parameter  ROM  gives  the  'multiplier'  ±2”nl  +2~n2.  This 
'multiplier'  is  used  during  the  ADD  instruction  to  perform  the  operation 

A ± (±2_ni  ±2‘n2)  R. 

The  sign  of  the  'multiplier'  is  dependent  on  the  sign  of  the  quantizer  level  (QS/BS) 
when  the  program  control  signal  P5=l  in  the  ADD  instruction. 

The  rules  for  coding  the  parameters  are  specified  in  Table  3-10,  and  a listing 
of  the  set  of  parameters  for  each  mode  appears  in  Table  3-11. 


Ml 


ARC 


CVSD/ADM 


i: 

i: 


3-33 


TABLE  3-10 


1 

CODING  OF  PARAMETER  VALUES 

1. 

2. 


8 bits  represent  ±2”  1 ±2’  2 

First  4 bits  give  ±2  nl  and  the  last  4 give  ±2~n2 


TABLE  3-11.  PARAMETERS 


(0881) 

PAR)  J1ETEPS 

. 

(OO02) 

't' 

THIS  L I ST  IMG 

SPECIFIES  THE 

CONTENTS  CF  THE  PARAMETER  POM 

(0003) 

* 

< 03041 

* 

16  KBPS  ARC  PARAMETERS 

(0005) 

07.00 

00 

(0300 

FOB 

$00 

00 

UNUSED 

000  1 

15 

10007) 

FOB 

*00010101 

01 

0(2)  = 1/2  + 1/32  = 17^32 

0(102 

7C 

(0003) 

FOB 

*00! 10101 

02 

ft(l)  ‘ 1/S  + 1/32  = 5/32 

L .l3 

Cb 

(0009) 

FOB 

£0CuOb  i 1 0 

03 

Cl (3)  * 1 + 1/64  = 65/64 

0004 

70 

(0010) 

FOB 

*01 1 1 0000 

04 

L (0)  =0+0=0 

0005 

24 

(COl 1) 

FOB 

*00  100 100 

05 

LCl)  = 1/4  + 1/16  = 5/16 

G • J 1 i b 

12 

( GO  1 2 ) 

FOB 

*00010010 

06 

LC2)  = 1/2  + 1/4  = 3/4 

ocor 

'J  J 

(3013) 

FCB 

*00000810 

or 

L (3)  = 1 + 1/4  = 5/4' 

0003 

C7 

(0014) 

fcb 

*110001 I 1 

08 

FI  (3)  = -1/16  + 1/123  = -7/128 

0009 

77 

(0015) 

FCB 

*0 1110111 

AS 

F 1 ( 1 ) = 0 + 1/128  = 1/123 

00  3. -i 

46 

(3016) 

FCB 

✓•0  1 £Gb 110 

10 

FI  (2)  = 1/16  + 1/64  = 5/64 

1*  »_*  (_  D 

20 

(G317) 

FCB 

*00100030 

11 

FI  (3)  = 1/4  + 8 = 1/4 

00  oc 

( KJ 

* (0O1S) 

FCB 

*01  1 18000 

12 

F2  (G)  =8  + 8 = 0 

SCOT* 

70 

(03  IS) 

FCB 

*01110000 

13 

F2(  1)  =0  + B=G 

OOOE 

70 

• (0028) 

FCB 

*0 1 1 1 0000 

14 

F2  (2)  =0+0  = G 

COC’F 

0T; 

(0321) 

FCB 

*0080101 1 

15 

F2 (3)  = 1 - 1/3  = 7/3  . 

03 10 

5C 

(0022) 

FCB 

y*  l £ s 1 1 1 L>  o 

lb' 

B2  = -1/2  - 1/16  = -3/15 

OC ! 1 

00 

(0023) 

FCB 

500 

17 

UNUSED 

i 4 

12 

(G824) 

FCB 

*80010010 

13 

( l - 2**(-ri2)  ) = 

1/2  + 1/4  = 3/4 

L*  J 1 

CO 

(G325) 

FCB 

$00 

19 

UNUSED 

-I . j i -4 

03 

(0326) 

FCB 

*000000 1 1 

20 

31  = 1 + 1/3  = 9/2 

0015 

C'J 

(£027; 

FCB 

$00 

21 

UNUSED 

"t  • -T 

~ - 

w 'J 

•'0628) 

FCB 

*00000800 

O “ 

ONE  =1+0=1 

" 

tj 

(C329) 

FCB 

$00 

07 

UNUSED 

J i Z> 

3 — r 

(0330) 

FCB 

*301 10100 

94 

87  = 143  + 1/16  = 3/16 

i.o 

0 J 

(003 1 ) 

FCB 

$00 

25 

UNUSED 

»J  • 1 * n 

(G332) 

"Co 

$00 

2 b 

UNUSED 

£ C*  i 2 

L*J 

( C >J7  , . 

FCB 

$00 

4 r 

UNUSED 

<_  _ . 

33 

a o;J  34) 

FCB 

4’0  1 0 1USJ0O 

2p 

THIN'  = 1/32  + G = ;/32 

co  :i* 

os 

(CC25) 

FCB 

$00 

4*2? 

UNUSED 

» C 

( -j 336 ) 

FCB 

*0000 1 1 1 1 

3Q 

( 1 - 2**(-m)  ) = 1 - 1/122 

= 127/123 

00  ir 

CO 

(0337) 

FCB 

$■88 

31 

UNUSED 

(0O38)' 

* 

( ",  *;TC  \ 

14.4  KBPS  ARC 

PARAMETERS 

( 0048 ) 

k 

" 

. “•  * 1 1 \ 
( L — r j • 

FCB 

$00 

00 

UNUSED 

J z 

•'  0342) 

FCF: 

*000 1 0 1 0 1 

0 1 

A (2)  - 1/2  L 1-32  = 17  ''32 



~ ; or 

( £ • j -7 ) 

FCB 

*001  10101  ■ 

02 

h ( 1 ) - 1 * b + i / :•  _ - 5/32 

J J l 

?£ 

< 3044) 

FCB 

generic  1 1 o 

L»  *• 

A (3)  = 1 + 1/64  = £5  64 

: T i 

• <-• 

if.  345) 

FCB 

*01 1 10000 

04 

L C G ) =o+0=C 

/ 77: 

0- 

<■"11  ) 

FCB 

*80100100 

<_  z> 

l C 1 ) = 1 - 4 + 1/16  = 5/16 

i -■  r. 

i r : 4“  j 

FCB 

*80010010 

i i.b 

L (2)  = 1/2  =-  1/4  = 3/4 

- ~ 

02 

v b *t  b J 

FCB 

£0CCl*£O  1 0 

ij  7 

L (3).  = 1 + 1/4  = 5 '4 

■:  ::s 

•“  ~ 

« 0C4i  • 

FCB 

*1100011  I 

08 

FI  (0)  = -1  16  •+  T IE'S  - -7/12S 

4 ’ 4 

7 b 

i 07“ £ 1 

FCB 

*011  101  10 

m 

F 1 ( 1 ) = 0 + 1/64  = 1/64 

- . . r 1 

TE 

(005!) 

FCB 

*00111110  • 

10 

F 1 (/)  = l b “■  1 •-'4  = / b4 

* • 

( 0852) 

FOB 

*00100100 

i i 

FI  (3)  = 14+  1.6  = 5 /-16 

coo: 

70 

• (U053) 

FCB 

*01 1 10000 

12 

F2 (0)  = U + O = 8 

r r. 

70 

f 0354< 

FCB 

*0 1 1 10000 

13 

F2 ( 1 ) =0+0=8 

3-35 


OC.^E 

70 

(0055) 

8C2F 

DC 

( 0056) 

0030 

5C 

(0057) 

0031 

00 

12 

(0058) 

<0353) 

0033 

(3060) 

L'  0 3 — 

.17 
O _* 

00051) 

0075 

00 

(0062) 

CO  36 

00  . 

(0063) 

0077 

00 

(0064) 

C 033 

34 

( 0065) 

0033 

Qv 

1 0066) 

00  3 A 

CO 

( 0067 ) 

GO  ^3 

CO 

(006S) 

0Q3C 

5G 

1.0063) 

033D 

00 

(0O78) 

007E 

0F 

- (0071) 

C03F 

00 

(G072) 

(0873) 

(0374) 

(0075) 

CC40 

00 

(0076) 

0041 

00 

(0377) 

CO  12 

03 

(0078) 

CO  43 

00 

1 7 r1 ) 

0044 

->T 

( 0u83 ) 

Lu-D 

^ 2< 

(0081) 

2 3 

.'G092  > 

CO  47 

__  *. 

(0083) 

0343 

2D 

(0054) 

004? 

T.j 

(0385) 

“• 

7 0 

• 0Q2o ) 

Vv-O 

r 4 

i 0027) 

o*J4L 

t0088) 

f-  j 

( Ofic  8 ) 

“ •“ 

“ * - 

C 'j 

. L-  _•  - ~ 1 
v GO;- 6 • 

i- . i;  5 

£0 

( 0037) 

'•cr 

i”  ^ 

• • 

;*»(** 

« • IJ  ' 

0.05  3 

r*  * 

1 100  ' 

C;t=:  ;■ 

l if: 

r n ! 0 1 i 

00.7/ 

c- 

• C 1 01 1 

0072 

» J U 

• c : ;• » 

* . 

L**-> 

i 0 i iJ  -J  * 

Oitt-O 

00 

i.G  105 ' 

005E 

DO 

i H ! 06 > 

C05F 

00 

(0 107) 
(0108) 

TABLE  3-11.  PARAMETERS  (Cont) 


fob 

7011 10000 

14 

F2 (2)  =0+0=0 

FOB 

4O0O01 100 

« r* 
l w» 

F2(3)  = 1 - 1/16  = 

FOB 

*11001 1 100 

lb 

B2  = -1/2  - 1/16  * 

FOB 

$00 

17 

UNUSED 

FCB 

.•"00010010 

i r, 
4 •-> 

( 1 - 2**(-M2)  ) = 

1/2  + 1/4  - 

FOB 

$00 

19 

UNUSED 

FOB 

£000000 1 1 

?0 

SI  = 1 + 1/8  * 9/8 

FCB 

$00 

21 

UNUSED 

FCB 

*100000000 

2~j 

ONE  =1+0=1 

FCB 

$00 

2Z 

UNUSED 

FCB 

£00110100 

24 

B3  = 1/8  + 1/16  = 3 

FCB 

$80 

25 

UNUSED 

FCB 

$38 

26 

UNUSED 

FCB 

$00 

27 

UNUSED 

FCB 

.*101010000 

23 

thin*  = 1/32  + a = 

FOB 

$00 

29 

UNUSED 

FCB 

£00001111 

30 

( i - 2**(-m)  ) = 

1 - 1/123  = 

FCB 

$00 

31: 

UNUSED 

CVSD 

PftFlA!  1ETERS 

FCB 

$00 

60 

UNUSED 

FC8 

$00 

01 

UNUSED 

FCB 

$00 

02 

UNUSED 

FCB 

$30 

87 

UNUSED 

FCB 

£00 10001 1 

04 

L = 1/4  + 1/8  * 3/8 

FCB 

£00100011 

05 

L = i/4  + 1/8  - 3/8 

f“  L L* 

£00 10OO 1 i 

85 

L = 1 /4  + 1 /8  = i /U 

FCB 

£8016801 1 

07 

L = 1/4  + 1 -'3  = 3/8 

FCB 

£00101101 

03 

F (8)  = 1/4  - 1/32  = 

FCB 

£0  111 0000 

03 

F ( i ) =d+G=0 

FCB 

£011 10009 

i c 

FCB)  =6+0=0 

FCB 

5:31  I 10000 

1 i 

FC3)  =0+0=0 

FCB 

$00 

12 

UNUSED 

FCB 

$00 

13 

UNUSED 

FCB 

$00 

1 4 

UNUSED 

r C3 

$03 

13 

UNUSED 

FCB 

$33 

I t- 

UNUSED. 

FCB 

$■$0 

UNUSED 

FCB 

£03001101 

13 

( 1 - 2**(-r:2)  ) = 

1 - j a 

FCB 

$00 

19 

UNUSED 

FCB 

Vu  C 

20 

UNUSED 

FCB 

$00 

21 

UNUSED 

FO  r 

•00800038 

• “• 

ONE  = 1+C.=  1 

rcB 

M.u 

*;  .*. 

UNUSCD 

fch 

$00 

7 1 

ui  iusr  :> 

r r n 

$00 

NNUSE-D 

F L c 

.'UbuOl  1 1 1 

Ul  j.-  1 123  = 12 

FCB 

$00 

4 

Ui  iU’.'C  D 

r L L‘ 

$vO 

J...* 

UNUSED  ' 

FCB 

$00 

29 

UNUSED 

FCB 

.VI 1010000 

j 0 

TMIN  = -1/S 2 + 0 - 

FCB 

$00 

31 

UNUSED 

15/16 

-3/16 


3/4 


1/32 


= 127/123 


• 1 /32 
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L Oc.6 

006  i 

Cu-o 

0054 
0065 
0065 
0057 

0055 
0053 
C06A 
0053 
0050 
6051. 
C05E 
605F 
0070 
Cu7  1 

0073 

0074 
00.5 
C075 

'0  V . I 


00 
00 
(_>  0 
00 

12 

12 

12 

34 

45 

I'F 

70 

00 

00 

00 

00 

00 

00 

00 

60 

OF 

60 

00 

00 


CO  1091 

#•  16  KBPS  ADM 

PARAMETERS 

(01 10 ) 

M 

(Gill) 

FCB 

$00 

00 

UNUSED 

1.01 12) 

FCB 

$00 

ei 

UNUSED 

(0113) 

FCB 

$co 

r* 

UiL 

UNUSED 

(0114) 

FCB 

$00 

03 

UNUSED 

CO  1 15) 

FCB 

£000 1 GO  1 0 

04 

L • 1/2  .+  1/4  = 3/4 

(01  IS) 

FCB 

£00010010 

05 

L * 1/2  + 1/4  = 3/4 

co: 171 

FCC 

£000 1 00 1 0 

Ob 

L = 1/2  + 1/4  = 3/4 

tons;' 

FCB 

£03010010 

07 

L = 1/2  + 1/4  = 3/4 

(0119) 

FCB 

£0O 1 10100 

68 

F (0)  = 1/S  + 1/16  = 3/16 

(C120J 

FCB 

£01000110 

09 

F ( 1 ) = 1/16  + 1/64  = 5/64 

C 0 1 2 1 ) 

FCB 

£11011111 

18 

F (2)  = -1/32  - 1/123  = -5/123 

CO  122) 

FCB 

£01  1 10000 

1 1 

F (3)  = 0 -r  0 = 0 

CO  123) 

FCB 

$00 

12 

UNUSED 

(0124) 

FCB 

$00 

13 

UNUSED 

CO  125) 

FCB 

$00 

14 

UNUSED 

(0125) 

FCB 

$00 

15 

UNUSED 

(0127) 

FCB 

$00 

16 

UNUSED 

(0123) 

FCB 

$00 

17 

UNUSED 

CG12S) 

FCB 

$00 

13 

UNUSED 

(013C1 

FCB 

$00 

19 

UNUSED 

(013H 

FCB 

£0000  1 1 1 1 

20 

61  = 1 - 1/123  * 127/126 

(0132) 

FCB 

$08 

2 1 

UNUSED 

(0133) 

FCB 

£00000003 

22 

ONE  =1+0=1 

(0134) 

FCB 

$00 

23 

UNUSED 

10135) 

r L D 

$00 

<_  -+ 

UNUSED 

'0:35) 

FCB 

$60 

25 

UNUSED 

(0137) 

CCB 

$00 

2b 

UNUSED 

<0139) 

$00 

27 

UNUSED 

( 0 1 b 9 ) 

r •.  & 

$00 

m.  O 

. .USED 

(0146) 

FC3 

$60 

29 

UNUSED 

4:  j - 1 . 

FCB 

£oaooi : : i 

3o 

( 1 - 2z+ j ) = 

1.  - 1/123  = 127/128 

(0142) 

err, 

rLj 

$00 

3 1 

UNUSED 

C0143) 

(6144) 

'K 

-t.  9.5  KBPS  ARC 

F ARAMETERb 

(0145) 
C 01*6) 

* 

$60 

pp 

UNUSED 

(0147) 

FCB 

£ 3 C ' j 0 0 i . 

►.i  • 

r'.b;  =.  1 + 1/S  - 9/8 

( G 1 43  ) 

F L B 

£00  i G0<  .30 

A(l)  = 1-4  + 0 = 1/4 

(0145. 

FCB 

£606000  1 1 

cc 

A.  (3)  = A:  2)  = 9/3 

i l*i  t- 

FCB 

."01 1 16  Vi  0 

0- 1 

L ( 0 ) =0  ) .0  - 0 

'.0131; 

FCB 

£000 1 OCOO 

m 

LCD  = 1/2  - C - 1/2 

C 1 r " ' 

c - ~. 

£03000013 

06 

L - 2 1 = 1 v ; • *«  5 4 

c ;c::. 

c,-q 

£00006 6 ! 3 

rj  i 

L (3)  = L (2 ) = 5 -1 

1 0 1 5 4 1 

FCB 

£ 1 1 000 1 1 1 

08 

F 1 (0)  = 1 ' 16  - 1 ' 23  = -7  'll 

CO'155) 

F C B 

£00  111110 

09 

ri(l)  = 1 /b  — 1 -4  * i / b 4 

i 0155) 

FCB 

£00101 1 10 

10 

FI  (2)  = 1 '4  - 1 /54  = 15/64 

(0157) 

FCB 

£00 1 0 1 1 10 

1 i 

r 1(31-  . FI  621  = 15/54 

i 0 1 58 ) 

FCB 

£011 100C0 

4 ^ 

F2  (0)  *0+0  = 

* C 159) 

FCB 

£61 1 10660 

13 

F2 ( 1 ) =6+0  - 0 

■ 0160 

FCB 

;.'0UO1CQ1C 

14 

l~2(l)  = 1 4 + 14  = b/4 

(0151) 

FCB 

£00010010 

15 

T2(3)  * F2k2)  * 3/4 

(0162) 

FCB 

.'1001 01  CO 

16 

B2  * -1/2  + 1/16  = -7/16 

(0163) 

FCB 

$00 

17 

UNUSED 

(0164) 

FCB 

£00010010 

13 

( 1 - 2++(-M2)  ) • 1/2  + 1/4 

3/4 

101631 

FCB 

$00 

19 

: UNUSED  • 

3-37 


TABLE  3-11.  PARAMETERS  (Cont) 


f«  - 1 

1 0 1 F o ) 

FC3 

;.'000UO803 

20 

B1  = 1 + 0 * 1 

LX  ?5 

00 

(016?) 

fcb 

$00 

21 

UNUSED 

Go  96 

00 

(0  168) 

FCB 

*.'00000000 

-j-) 

ONE  =1+0=1 

0097 

09 

(0169) 

cce 

$00 

23 

UNUSED 

c : ;•  £ 

v C 1 1 Li) 

FCB 

l.Q  1403 101 

24 

33  = 1/16  + 1432  = 3432 

COS  3 

uO 

(0171) 

FCB 

$00 

CT 

_ -» 

UNUSED 

L'  0 9 n 

00 

(0172) 

FCB 

$00 

26 

UNUSED 

0093 

00 

<■3173) 

.FCB 

$30 

r>"? 

UNUSED 

O09C 

D J 

( Q 1 7 4 ) 

FCB 

?10  1 10UG00 

iL  O 

Tilin'  = 1464  + 0 = .464 

00  3D 

08 

(0175) 

FCB 

$00 

29 

UNUSED 

0O9E 

OF 

(£176) 

FCB 

20000  1 1 1 1 

30 

( 1 - 2**C-M1)  ) = 

1 - 14123  = 1274120 

009F 

GO 

(0177) 

(0178) 

FCB 

* 

$00 

3 1 

UNUSED 

(S173 ) 
(0180) 

* UNSPECIFIED 

# 

0090 

00 

(0181) 

FCB 

$80 

03 

00ft  1 

CO 

* (0182) 

FCB 

$00 

01 

0 O n -1 

00 

(8183) 

FCB 

$00 

02 

C3A3 

00 

(0184) 

FCB 

$00 

03 

30-4 

08 

0 1S5) 

FCB 

$00 

04 

. 

CO  4 5 

00 

(0186) 

FCB 

$00 

05 

0046 

03 
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TABLE  3-11. 
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3.4.3  'A'  REGISTER  AND  CONVERT  CIRCUITRY 


I 

The  'A'  register  consists  of  three  4-bit  universal  shift  registers  (3x74LS194 
A17,  A16  and  A21)  which  are  clocked  by  HCL  during  the  last  12  bit  times  of  a word 
(see  Figure  3-11).  During  the  ADD  instruction  CVTLD=0  (see  Figure  3-13),  P1=0  and 
CARRY=1  giving  S1=0  and  S0=1  which  causes  the  A register  to  shift  right  serially 
with  AIN=AOUT  if  P2=0  and  AIN=EOUT  if  P2=l  (see  Figure  3-13.  During  the  WRITE  in- 
struction CVTLD=0,  Pl=l  and  CARRY=1  givingSl=0  and  S0=0  which  means  that  the  A reg- 
ister is  normally  stable.  However,  the  A register  may  be  cleared  during  bit  times 
3 and  4 if  P5=T1-=1  or  during  the  last  bit  time  if  P3=l.  Thus, 

ACLEAR  = PI. PS. Tl. BITS  3-4.  P1.P3.WDCLK 

The  parallel  output  of  the  A register  A1-A12  is  fed  to  the  RAM  scratchpad 
(Figure  3-12)  with  the  4th  MSB  inverted  if  P9=l  during  the  write  time  (first  half, 
see  timing  diagram  Figure  3-2. 

The  four  MSB's  of  A are  also  fed  to  the  CONVERT  circuit  where  they  are  parallel 
added  to  P9-P12  during  the  CONVERT  instruction  (P 1 = 1 , P2=l) . The  output  of  the 
adder  (74LS83,A22)  is  loaded  into  a 4-bit  counter  (74LS163.A23)  on  the  5th  bit  time 
of  the  CONVERT  instruction  (see  timing  diagram  Figure  3-2.  The  carry  (C^)  out 
of  the  adder  is  stored  in  a flip-flop  (1/2  74LS74,  A19)  to  indicate  overflow  during 
the  addition  of  A1-A4  (4-bit  integer  part  of  + C^)  and  P9-P12  (the  constant  C 
which  determines  the  minimum  quantizer  step  size).  As  the  adder  output  is  parallel 
loaded  into  the  counter  (at  bit  time  5)  the  A register  is  parallel  loaded  (S0=1, 
Sl=l)  with  01,  A5,...,A12,  00,  where  A5,...,A12  represents  the  fractional  part  of 
G^  + C^.  Thus,  at  bit  time  5 of  the  CONVERT  instruction  the  contents  of  the  A reg- 
ister represent  the  integer 

210  (1  + G'  ♦ C'  - LG'  ♦ C'J). 
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The  A register  is  then  shifted  right  n times  where 


k 


f 


n = 15  - ♦ C'J  + C) 

resulting  in 

LGk  + Ck-I  C'5 


T.  = 2 
k 


» * ck  * ck  - Lck  * ckJ’ 


which  is  a piece-wise  linear  approximation  of 


Gk  + Ck  + C'5 


Note  that  if  |G.* + CjJ  * C is  greater  than  15,  the  OVRFLO  flipflop  is  set  which  pre- 
vents the  A register  from  shifting  right. 

' ' ' C-5 

When  = 0,  = 2 . To  permit  more  freedom  in  selecting,  the  minimum 

step  size  we  further  add  T . to  T,  to  get  the  quantizer  step  size  T,  (see  instruc- 

111  X II  K N 

tions  29,  30  and  31  of  the  ARC  microprogram  given  in  Table  3-7). 


3.4.4  SCRATCHPAD,  R REGISTER  and  MUXES 

The  16x12  bit  scratchpad  RAM  consists  of  3 CMOS  16x4  random-access  memories 
(3X74C89,  locations  A28,  A29  and  A30)  with  tristate  output  (see  Figure  3-6).  The 
RAM’s  are  addressed  by  W6,  P10,  Pll  and  P12  (see  Table  3-5).  During  the  WRITE  in- 
struction (Pl=l,  P2=0)  the  scratchpad  write  enable  signal  (SPWE)  goes  low  during  bit 
times  1 through  8 causing  A1-A12  to  be  written  into  the  desired  location.  If  P9=l 
bit  A4  is  inverted  before  it  is  written  in  the  scratchpad. 

The  R register  (locations  B28,  B29  and  B30)  is  clocked  by  RCL  during  the  last 
13  bit  times  of  each  word.  In  the  ADD  instruction  P1=0,  therefore  S0=1  and  S1=0 
except  at  the  last  bit  time  (WDTIME)  when  S 1 = 1 if  P9=l.  Thus,  the  contents  of  the 
R register  are  shifted  right  arithmetically  (i.e.,  with  sign  extension)  except  at 
the  last  bit  time  when  it  may  be  parallel  loaded  from  the  scratchpad  (if  P9=l) . 
During  the  WRITE  and  CONVERT  instructions  the  R register  is  stable  except  if  P9=l 
which  causes  it  to  be  parallel  loaded  from  the  scratchpad  at  the  last  bit  time. 
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The  shifted  and/or  negated  outputs  of  the  R register  RN1  and  RN2  are  obtained 
through  two  8 to  1 multiplexers  (74LS151,  locations  B24  and  B25)  and  two  exclusive- 
or  gates  (1/2  74LS86,  A18  and  B23) . The  multiplexers  have  complemented  outputs  which 
compensates  for  the  complemented  outputs  of  the  scratchpad.  The  coding  rules  for 
the  parameters  INS,  INI,  1N2,  1N3  and  2NS,  2N1,  2N2,  2N3  are  given  in  Table  3-10. 

Note  that  during  the  ADD  instruction  the  R register  is  shifted  at  the  last  13 
bit  times  instead  of  12  to  permit  rounding  during  the  addition  of  A,  RN1  and  RN2. 

The  extra  (13th  bit)  is  stored  in  one  of  the  bits  of  a 6-bit  latch  (74LS174,  B19) 
shown  in  Figure  3-13. 

To  prevent  overflow  during  formation  of  T^  (instruction  30  of  the  ARC  in 
Table  3-7)  the  R register  is  cleared  at  bit  times  3 and  4 if  TSAT  is  high,  i.e.,  if 
[Gr  ♦ C^J  + C > 15.  Moreover,  circuitry  is  provided  to  clear  the  R register  at  bit 
times  3 and  4 during  the  formation  of  the  prediction  p^  in  the  ARC  mode  (instruc- 
tions 1,  2 and  3),  subject  to  the  value  of  the  quantizer  step  size.  Thus,  if 
|G^  + C^j  <.  1,  TSMALL  = Al.  A2.  A3.  Ml  is  high  in  the  ARC  mode  causing  TSMALLD  to  be 
high  during  the  following  transmit/receive  cycle  (see  Figures  3-11  and  3-13).  This 
causes  RCLEAR  to  go  low  at  the  instruction  times  noted  above  resulting  in  zero  pre- 
diction for  low-level  unvoiced  sounds  or  background  noise. 

3.4.5  ADDER  and  T REGISTER 

The  serial  addition  A + RN1  + RN2  is  performed  in  a dual  one-bit  full  adder 
(74H183,  B15).  To  perform  rounding  we  force  the  bit  before  the  LSB  of  A to  a 1 
(bit  time  4) . The  initial  carries  for  the  two  adders  and  the  parameter  sign  bits 
INS  and  2NS  are  stored  in  part  of  a 6-bit  latch  (74LS174,  B19)  . Subsequent  C^'s 
are  simply  the  previous  CQut,s  of  the  two  adders.  Further,  the  first  R13  (at  bit 
time  4)  is  1 and  subsequent  R13's  are  the  previous  R12's  (LSB  of  the  R register). 

The  adder  output  is  serially  loaded  into  the  12-bit  T register  (74LS164  + 
74LS195,  B3  and  B2)  at  all  times  by  the  clock  HCL.  At  the  last  bit  time  of  an  ADD 
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instruction  EOUT  and  Tl-Tll  may  be  parallel  loaded  into  the  D/A  buffer  register  (on 
the  analog  card)  if  P6  = 1. 


f 


i 

i 

i 


3.4.6  Q REGISTER 

The  quantizer  (Q)  register  and  the  associated  logic  shown  in  Figure  3-14  is  used 
to  generate  a 3-bit  number  which  represents  the  intermediate  quantizer  thresholds 
and  the  final  quantizer  level  for  the  ARC  algorithm.  During  the  transmit  cycle  the 
source  is  the  comparator  output  COMP  which  takes  the  values  b^,  b 2 and  b^  during  the 
three  successive  tests.  Then  the  Q register  outputs  Qs>  , Q2  take  the  following 
values  at  the  last  bit  time  of  the  following  word  times 

Word  time  Qs  Q2 

4 b1  0 1 

8 b1  1 b2©  b1 

12  bx  b2  (±)b1  b3  © b1 

If  the  quantizer  has  the  following  thresholds  and  levels 

— X 1 X 1 X | X 1 X 1 X 1 X — 

-£(3)  -a3  -S. (2)  -a2  -*(1)  UO)  a 1 «.(1  ) a2  £(2)  a3  £(3) 

then  they  correspond  to  the  following  values  of  Qs>  Q^,  Q2 


L 
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ax  0 1 0 

-ax  1 10 

,a2  0 0 1 

-a2  1 0 1 

a3  0 1 i 

-a3  ! ! ! 

a( o)  ooo 

-A(0)  100 

A (1)  0 0 1 

- A (1)  1 0 1 

A(2)  010 

-A(2)  1 1 0 

A (3)  0 1 1 

-A (3)  1 1 1 


The  quantizer  clear  circuitry  is  so  arranged  that  upon  transmit-  FIFO  overflow 
(XFLAG=1)  the  Q register  is  cleared  (forced  to  the  zero  level  A(0))  only  at  9.6kb/s. 
At  16  kb/s  the  input  to  the  Q register  (normally  b2 © b^  is  inhibited  (forced  to 
zero)  during  word  time  8 by  using  the  program  control  bit  P6=i.  This  restricts  the 
quantizer  to  the  inner  three  levels  permitting  the  transmit  FIFO  to  empty  out. 

Seven  level  quantization  resumes  as  soon  as  XFLAG  goes  low. 

During  the  receive  cycle  the  Q register  is  loaded  directly  with  Dl,  D2,  D3 
from  the  decoder  ROM.  However,  at  9.6  kb/s  if  a two-level  codeword  (11  110  corres- 
ponding to  two  -A(l)'s  in  a row)  is  decoded  unloading  of  the  receive  FIFO  is  inhibi- 
ted at  the  next  sample  interval  and  Q is  loaded  with  D4,  D5,  D6.  The  'second-word' 
indication  is  provided  by  the  signal  SECONPWD. 


1 
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If  the  TEST  input  is  grounded,  the  Q register  will  retain  the  transmitted  quan- 
tizer level  during  the  receive  cycle.  This  permits  the  ARC  as  well  as  the  CVSD/ADM 


modes  to  be  tested  in  an  internal  loopback  mode  bypassing  the  encoder,  TX  FIFO,  RX 
FIFO  and  the  decoder. 

3.5  ENCODER,  DECODER,  B REGISTER  AND  FIFO's 

The  encoder  and  decoder,  used  only  in  the  ARC  modes,  implement  the  two  codes 
given  in  Table  2-1  which  are  selected  by  rate  control  MO.  In  this  section  we  de- 
scribe the  encoder,  decoder,  B register  and  transmit  and  receive  FIFO  circuits. 

3.5.1  ENCODER 

Note  that  every  code  word  consists  of  a string  of  ones,  which  may  or  may  not 
be  preceded  by  a zero  or  trailed  by  a zero.  The  encoder  is  therefore  built  around 
a 32x8  bit  ROM  (82S123,  B7)  (see  Figure  3-15) . Regular  code  words  are  generated  and 
loaded  into  the  transmit  FIFO  during  the  transmit  cycle.  If  the  transmit  FIFO  emp- 
ties out  it  is  loaded  with  the  filler  code  word  during  the  receive  cycle. 

In  the  transmit  cycle  the  ROM  is  addressed  by  MO,  MINUS,  QS,  Q1  and  Q2.  The 
signal  MINUS  is  always  zero  at  16  kb/s.  At  9.6  kb/s  MINUS  = 1 if  the  previous  quan- 
tizer level  was  '-8.(1)*;  MINUS  = 0 otherwise.  A list  of  encoder  ROM  addresses  ap- 
pears in  Table  3-12. 

The  first  four  bits  E1-E4  of  the  encoder  ROM  output  specify  the  codeword  length 
as  follows: 

E1-E4  = 16-8 

c 

where  8^  is  the  length  of  the  code  word  in  bits.  Two  other  ROM  output  bits  E5  and 
E6  indicate  whether  the  first  bit  of  the  code  word  is  zero  and  whether  the  last  bit 
is  zero,  respectively.  In  addition,  the  occurrence  of  level  ’-8(1)'  at  9.6  kb/s 
causes  a seventh  ROM  output,  E7,  to  be  1,  which  sets  a flipflop  (1/2  74LS107.B4) 
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whose  output  is  the  MINUS  signal. 

Encoding  is  initiated  in  the  transmit  cycle  by  the  microprogram  when  P9=0  and 
P10=l  during  an  ADD  instruction  (see  also  Figures  3-13  and  3-14)  . An  extra  encoding 
cycle  to  generate  the  filler  codeword  is  initiated  during  the  receive  cycle  if  the 
transmit  FIFO  EMPTY  signal  is  high.  The  stable  state  for  the  codeword  length 
counter  (74LS163, B12)  is  ECARRY=1.  Thus  when  INITENC0DE=1  during  QTR3  the  ENCODE 
flip-flop  is  set  (see  the  encoder  timing  diagram  Figure  3-10)  on  the  negative  going 
edge  of  QTR3.  At  the  same  instant  the  4-bit  ROM  output  E1-E4  is  loaded  into  the 
codeword  length  'counter  (74LS163)  resulting  in  ECARRY=0  unless  E1-E4  = 15  (codeword 
length=l).  The  ENCODE  flipflop  is  reset  when  INITENCODE=0  and  ECARRY=1.  The 
FIRSTBIT  flipflop  is  set  by  INITENCODE  and  remains  set  for  exactly  one  word  time  as 
shown  in  Figure  3-3.  The  last  bit  of  the  encoding  cycle  is  indicated  by  CARRY=1. 
Thus, 

ENCODEDATA  = E-FIRSTBIT  + E,  CARRY. 

o 6 

and 

ENCODECLK  = ENCODE  QTR2. 

Table  3-13  is  a listing  of  the  encoder  ROM  contents.  The  first  column  shows 
the  ROM  address  and  the  second  column  the  corresponding  contents  in  hexadecimal 
notation. 
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3.5.2  B REGISTER  AND  TRANSMIT  FIFO 
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The  input  to  the  B register  (74LS164.C15)  is  COMP  during  the  transmit  cycle  and 

i 

RFIFOOUT  during  the  receive  cycle  (see  Figures  3-14  and  3-16,  i.e. 

BIN  = COMP.  W6  +'RFIFOUT.  W6 

The  B register  may  be  serially  loaded  during  the  WRITE  or  CONVERT  instructions 
(Pl=l)  if  P4=l  at  the  last  bit  time  of  that  word.  When  the  speech  coder  is  in  the 
CVSD  or  ADM  mode  B is  serially  loaded  once  during  the  transmit  cycle  and  once  during 
the  receive  cycle.  Thus,  the  previous  transmit  and  receive  bits  are  stored  in  B 
in  interleaved  form  and  we  can  get 

Bia'bk®bk-i 
and  BK2  = bk©b._2 

with  b^,  b^  j,  b^  2 being  all  either  transmit  or  receive  bits  at  the  proper  time. 

BK1  and  BK2  are  used  to  address  the  parameter  ROM  in  the  CVSD/ADM  mode. 

The  transmit  FIFO  consists  of  two  64x4  bit  FIFO  buffers  (2XAM2841, locations 
C24  and  C23)  and  4-bit  serial-to-parallel  (74LS95,C19)  and  parallel-to-serial 
(74L5195,C18)  converters.  The  serial-to-parallel  clock  (XS/PCLK)  is  ENCODECLK  in 
the  ARC  mode  (M1=0)  and  FIRSTBIT  in  the  CVSD/ADM  mode  (Ml=l) . • Similarly,  the  data 
is 

XS/PDATA  = encodedata.mT 
+BS.M1 

where  BS  is  the  most  recent  bit  in  the  B register. 

This  data  is  serially  loaded  into  a 4-bit  register  (74LS95.C19)  at  the  negative 
transitions  of  XS/PCLK.  Figure  3-4  (a)  shows  the  XS/PCLK  and  the  FIFO  input  clock 

SI.  The  FIFO  accepts  the  4 data  bits  at  the  positive  transitions  of  SI.  When  the 
FIFO  is  full  the  input  ready  signal  does  not  go  high  after  the  SI  clock  goes  low. 
Thus,  XFLAG=1  when  the  FIFO  is  full. 
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The  FIFO  output  is  unloaded  by  the  SO  signal  shown  in  Figure  3-4  (b) . When 

the  FIFO  is  empty  the  output  ready  signal  OR  does  not  go  high  after  the  SO  signal 
goes  low.  This  indication  is  sampled  by  BITCLKOUT  and  stored  in  a flipflop 
(1/2  74LS74,A19)  shown  in  Figure  3-16. 

The  transmit  FIFO  has  a maximum  buffering  capacity  of  512  bits. 

3.5.3  RECEIVE  FIFO 

The  receive  FIFO  consists  of  three  64x4  bit  FIFO’s  (3XAM2841,  locations  C17, 

C22  and  C27)  connected  in  tandem  and  4-bit  serial-to-paral lei  (74LS195,C13)  and 
parallel-to-serial  (74LS195,C26)  converters  (see  Figure  3-17). 

As  explained  in  Section  2,  initial  synchronization  of  buffer  depths  is  achieved 
by  ensuring  that  the  receive  FIFO  is  'full'  when  the  filler  word  is  received.  If 
the  buffer  is  not  'full'  and  a filler  is  received,  the  regular  decoding  cycle 
(buffer  unloading)  is  suppressed  and  the  zero  quantizer  level  is  substituted.  In 
the  above  context  'full'  implies  buffering  of  as  many  bits  as  the  maximum  capacity 
of  the  transmit  FIFO,  i.e.,  512  bits.  Clearly,  some  additional  buffering  must  be 
provided  at  the  receiver  to  allow  time  to  react  to  the  receiver  FIFO  'full'  signal, 
RFLAG.  The  additional  AM2841  serves  this  purpose. 

The  input  data  DATAIN  is  normally  BBTTL  except  in  the  LOOPBACK  configuration 
when  it  is  DATAOUT.  The  accompanying  clock  BITCLKIN  is  similarly  either  DDTTL  or 
BITCLKOUT.  As  shown  in  the  timing  diagram  of  Figure  3-5  (a)  DATAIN  is  sampled  and 

serially  loaded  into  the  74LS195  when  it  is  stable.  When  4 bits  have  been  collected 
they  are  parallel  loaded  into  the  AM2841  by  SI.  The  data  trickles  down  to  the  last 
empty  slot  in  one  of  the  remaining  two  FIFO's.  When  both  the  second  and  third 
FIFO's  are  full  the  input  ready  (IR)  signal  on  the  second  FIFO  does  not  go  high 
after  the  SI  clock  goes  low.  Thus,  RFLAG  is  simply  IR  (see  Figure  3-17). 

The  timing  diagram  for  the  output  (parallel-to-serial)  side  of  the  receive  FIFO 


is  given  in  Figure  3-5  (b) . RP/SCLK  is  the  DECODECLK  in  the  ARC  mode  (M1=0)  and 
FIRSTBIT  in  the  CVSD  or  ADM  modes  (Ml=l)  as  shown  in  Figure  3-16.  3-51 


3.5.4  DECODER 


Two  different  decoding  strategies  are  used  for  the  9.6  kb/s  code  and  the  16 
kb/s  code. 

At  9.6  kb/s,  the  bits  are  counted  out  until  a zero  is  obtained;  the  number  of 
ones  counted  plus  1 addresses  a 32x8  bit  decoder  ROM  (82S123,B21)  whose  output  gives 
the  quantizer  level  (see  Figure  3-18). 

The  decoding  process  is  normally  initiated  during  a receive  cycle  when  P9=0 
and  P10=l  in  and  ADD  instruction.  However,  if  the  previous  code  word  was  a 'two- 
level'  codeword,  e.g.,  two  '-£(1)'  levels  in  a row,  then  the  SECONDWD  signal  is  high 
which  inhibits  the  decoding  cycle.  Further,  an  extra  decoding  cycle  is  initiated 
when  the  code  word  just  decoded  is  a filler  (RFILLER=1)  and  the  receive  FIFO  is  full 
(RFLAG=1) . Thus, 

INITDECODE  = ENDECODE.  SECONDWD  + RFILLER.  RFLAG , 

where  ENDECODE  = W6.  P9.  P10.  PI  The  INITDECODE  pulse  clears  the  decode  counter 
(74LS163, B22)  and  sets  the  ZEROBIT  flipflop  (ZEROBIT=0)  (1/2  74LS107 , B26) . The  de- 
code ROM  is  addressed  by  MO  and  the  four  counter  outputs  through  Q^.  When  the 
counter  is  cleared  the  eighth  ROM  output,  which  is  RFILLER,  is  zero.  As  shown  in 
the  decoder  timing  diagram  (Figure  3-6)  CONTINUE  goes  up  enabling  the  DECODECLK, 
and  permitting  the  counter  to  count  up  since  at  9.6  kb/s  (M0=1)  COUNT=CONTINUE . As 
soon  as  a zerobit  is  unloaded  (RFIF0UT=1)  the  ZEROBIT  flipflop  is  reset  (ZER0BIT=1) 
stopping  the  DECODECLK  and  inhibiting  the  counter.  The  counter  output  is  then  one 
greater  than  the  length  of  the  code  word  and  the  decoder  ROM  output  D1-D3  corres- 
ponds to  the  quantizer  level.  If  the  'two- level'  code  word  has  been  received  ROM 
outputs  D4-D6  correspond  to  the  second  quantizer  level  and  D7=l.  The  latter  signal 
on  the  negative  going  edge  of  STROBE  and  stored  in  the  SECONDWD  flipflop  (1/2  74LS 
107, B26)  for  exactly  one  sample  interval. 


L 


DECODECLK 


RFIFOUT 


Figure  3-6.  Decoder  Timing  for  9.6  Kb/s  Code 


At  16  kb/s,  we  use  tree  decoding  (see  Figure  3-7  for  the  code  tree).  ROM 
output  bits  D1-D3  and  RFIFOUT  are  loaded  into  the  counter  which  is  used  as  a reg- 
ister (COUNT=0) . The  counter  output  forms  the  next  base  address  for  interior  nodes 
(indicated  at  the  ROM  output  by  D7=l).  Further,  C0NTINUE=D7.  Thus,  the  decoder 
progresses  through  the  tree  as  each  bit  is  unloaded  from  the  FIFO.  The  decode  cycle 
stops  at  a terminal  node  (D7=0)  at  which  time  the  ROM  output  bits  D1-D3  correspond 
to  the  quantizer  level,  which  can  then  be  loaded  into  the  Q register.  SECONDWD  is 
always  zeTo  for  16  kb/s  operation  (M0=0) . 

The  end  of  a filler  word  is  considered  to  be  an  interior  node  (D7=0,  RFILLER=1) 
and  the  decoding  process  is  reinitiated,  provided  that  the  receive  FIFO  'full'  sig- 
nal RFLAG  is  high. 

The  contents  of  the  decoder  ROM  are  given  in  Table  3-14.  The  first  column 
specifies  the  contents  in  hexadecimal  notation. 

3.6  ANALOG  CIRCUITS 

The  analog  circuitry  consists  of  a signal  limiter,  transmit  and  receive  low- 
pass  filters,  sample-and-hold  circuit,  D/A  converter  and  a comparator. 

3.6.1  Low-Pass  Filters 

Each  low-pass  filter  is  a 7th-order  elliptic  filter  consisting  of  three  biquad 

sections  and  one  single-pole  section.  The  transfer  function  is  of  the  form 

2 2 

k 3 s ^ 

zi 

2 2 2 
s + an  x=l  s + 2 a.  s + (a.  + 0 . ) 

0 i v i pi' 

with  the  following  normalized  values  of  the  poles  and  zeros  for  a filter  with  a 0 dB 
bandwidth  of  unity: 
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transition  width  of  about  20%.  The  active-filter  circuit  configuration  used  for 
each  biquad  section  is  apparent  from  the  schematics  of  the  transmit  and  receive  low- 
pass  filters  shown  in  Figures  3-19  and  3-20,  respectively.  Note  that  for  dynamic 
range  considerations  the  single  pole  section  is  the  first  filter  section  and  the 
biquad  sections  are  connected  in  increasing  order  of  Q. 

Figure  3-8  shows  measured  amplitude  and  delay  characteristics  of  the  7th- 
order  elliptic  filter. 

The  transmit  elliptic  filter  is  preceded  by  a signal  limiter  (see  Figure  3-19) 
which  blocks  out  dc  and  symmetrically  clips  large  level  signals  which  would  cause 
saturation  in  the  analog  circuitry  or  overflow  in  the  digital  arithmetic  circuits. 

A switch  is  provided  on  the  panel  which  permits  selection  of  the  voice  input 
from  the  attached  handset  or  an  external  source  through  an  RCA  type  phono  jack.  The 
input  impedance  at  the  phono  jack  is  approximately  600  ft. 

The  receive  elliptic  filter  is  followed  by  a two-pole  Chebyshev  filter  (Figure 
3-20)  with  0.5  dB  passband  ripple  and  a 3 dB  cutoff  frequency  of  3700  Hz.  This  fil- 
ter section  which  has  an  output  impedance  of  600  ft,  not  only  serves  as  a buffer  but 

also  provides  additional  rejection  of  out-of-band  signal  components,  e.g.,  the  6000 

. 

Hz  sampling  frequency. 
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3.6.2  Sample-and-Hold , D/A  and  Comparator 

The  output  of  the  transmit  low-pass  filter  is  connected  to  the  sample-and-hcld 
circuit  as  shown  in  Figure  3-21.  The  low  on-resistance  analog  switch  (DG200,  U10) 
is  turned  on  by  the  STROBE  'signal  from  the  digital  card  during  the  last  half  of 
each  receive  cycle,  causing  capacitor  C21  to  charge  up  to  the  new  signal  voltage. 

The  analog  switch  is  turned  off  at  the  start  of  the  transmit  cycle  and  the  signal 
sample  is  held  on  the  capacitor  by  buffering  it  from  the  comparator  through  a high 
imput- impedance  voltage  follower(LM310,  U9) . 

The  output  of  the  adder  and  eleven  T register  outputs  (Figure  3-7  ) are  fed  to 
the  analog  card  through  connector  J1  where  they  are  clocked  into  the  D/A  buffer 
register  (2X74LS174,U6  and  U5)  at  the  positive  transitions  of  D/ABFRCLK.  During  the 
first  half  of  the  transmit  cycle  the  D/A  buffer  register  is  loaded  with  successive 
test  values  (predictions  p^  ± quantizer  thresholds].  These  12-bit  numbers  are  con- 
verted to  analog  voltages  through  a 12-bit  D/A  converter  (DACHY12BC,U1)  and  compared 
to  the  input  analog  sample.  The  comparator  (LM311,U3)  output  COMP  which  is  a TTL 
compatible  signal  is  fed  back  to  the  digital  card  to  be  stored  in  the  Q or  B reg- 
ister. 

During  the  last  half  of  the  receive  cycle  the  reconstructed  speech  sample  is 
loaded  into  the  D/A  buffer  register  and  converted  to  an  analog  voltage.  After  the 
D/A  output  has  settled  (about  5 us)  this  voltage  is  pulsed  into  the  receive  low-pass 
filter  through  an  analog  gate  (DG200.U4)  which  is  turned  on  by  STROBE.  When  STROBE 
is  high  the  complementary  signal  STROBE  grounds  RLPFIN1  through  a second  analog 
switch. 

When  the  speech  digitizer  is  in  the  normal  configuration  a controlled  amount  of 
coupling  is  provided  between  the  transmitter  and  the  receiver  through  an  analog  switch 
(U10)  controlled  by  the  signal  LOOPBACK  from  the  digital  card.  This  coupling,  com- 
monly called  'sidetone',  is  deemed  essential  by  the  telephone  company.  Too  much 

sidetone  causes  the  talker  to  lower  his  voice,  thereby  reducing  the  volume  which  the 
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listener  receives;  too  little  sidetone  makes  telephone  conversation  seem  unnatural 
and  tends  to  cause  people  to  talk  too  loudly.  The  sidetone  is  totally  suppressed 
in  the  loopback  configuration  to  permit  the  speech  digitizer  to  be  tested  and  used 
for  processing  recorded  speech. 

3.7  INTERFACE  CIRCUITS 

The  TTL  output  signals  for  data  and  clock  are  passed  to  the  analog  board  where 
they  are  converted  to  nominal  MIL-188  levels  by  high  speed  operational  amplifier 
drivers.  Rise  and  fall  times  are  controlled  by  integrating  capacitors  which  have 
been  chosen  to  be  a compromise  for  the  data  rates  anticipated.  Continuous  signals 
CA  and  CD  are  provided  by  integrated  MIL- 188  drivers. 

Receivers  provided  for  clock  and  data  are  integrated  MIL- 188  interfaces  which 
convert  to  TTL  signal  levels  which  are  then  fed  back  to  the  digital  card.  Proper 
operation  of  all  these  devices  is  guaranteed  over  a range  of  speeds  and  cable 
lengths.  See  Figure  3-22. 
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SECTION  4 


OPERATION 

4.1  GENERAL 

This  section  contains  a functional  description  of  the  input/output  signals, 
and  controls  instructions  for  operating  the  Codex  speech  digitizer. 

4.2  I/O  SIGNALS,  CONTROLS  AND  INDICATORS 

Table  4-i  lists  the  input-output  signals  carried  via  connectors  located  on 
the  panel.  The  relevant  pin  numbers  and  a brief  description  of  the  signals  is 
also  given  in  Table  4-1.  All  signals  on  the  25-pin  connector  are  of  the  EIA 
type  for  direct  connection  to  the  proper  modem  EIA  connector.  The  EIA  outputs 
are  also  suitable  for  directly  driving  the  corresponding  inputs  on  anoth  r ARC 
via  a crossover  cable  as  shown  in  Figure  4-1. 

The  input  and  output  impedances  of  the  audio  circuits  are  approximately 
6000.  When  using  an  audio  source  other  than  the  supplied  telephone  handset, 
tape  recorder  IN  switch  should  be  turned  ON  and  the  input  signal  level  should 
be  adjusted  to  be  less  than  2.2  volts  peak-to-peak.  The  audio  output  may  be 
switched  independently  between  the  handset  and  a tape  recorder.  

Table  4-2  lists  all  the  control  switches  available  on  the  Codex  speech 
digitizer  with  a brief  description  of  the  function  of  each  switch.  As  shown  in 
Figure  4-2  the  LOOPBACK  switch  connects  the  local  ARC  transmttter  and  receiver 
back-to-back  thus  permitting  the  unit  to  be  functionally  tested  in  an  isolated 
environment.  If  both  tape  recorder  switches  are  OFF  (handset  connected)  then  in 
the  LOOPBACK  configuration  one  can  listen  to  one's  own  voice  after  it  has  been 
digitized  and  reconstructed. 
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TABLE  4-1  INPUT-OUTPUT  SIGNALS 


SIGNAL  NAME 

TYPE 

LOCATION 

DESCRIPTION 

Protective 
Ground  (AA) 

MIL  188 

J7-1 

Chassis  ground.  Isolated  from  Signal  Ground 
(AB)  in  the  ARC . 

Signal 
Ground  (AB) 

MIL  188 

J7-7 

Common  signal  and  dc  power  supply  ground. 
Isolated  from  protective  ground  (AA)  in 
the  ARC. 

Transmit 
Output 
Data  CBA) 

MIL  188 

J7-2 

Serial  binary  data  with  transitions  on  the 
positive-going  transitions  of  the  internal 
transmit  clock  (DA)  or  a modem  supplied  clock 
(DB)  (selectable  by  toggle  switch  on  A4  card) 

Receive 
Input  Data 
(BB) 

MIL  188 

J7-3 

Serial  binary  data  from  a modem  or  directly 
from  an  ARC  transmitter.  Data  transitions 
must  occur  on  the  positive-going  transitions 
of  the  accompanying  clock(DD). 

Request  to 
Send  (CA) 
(output) 

MIL  188 

J7-4 

Constantly  held  at  a positive  level  to  indi- 
cate that  data  transmission  is  desired. 

Data  Terminal 
Ready  (CD) 
(output) 

MIL  188 

J7-20 

Constantly  held  at  a positive  level. 

Transmit 

Signal 

Element 

Timing(DA) 

(output) 

MIL  188 

J7-24 

A serial  data  rate  clock  with  positive  trans- 
itions corresponding  to  data  (BA)  transitions 

External 
Transmit 
Serial  Clock 
(DB) 

(input) 

MIL  188 

J7-15 

A data  rate  clock  from  a modem.  When  selec- 
ted by  the  toggle  switch  on  A4  card  the  data 
(BA)  transitions  will  occur  on  positive-going 
transitions  of  this  clock  (DB) . 

Receive 
Signal 
Element 
Timing  (DD) 
(input) 

MIL  188 

J7-17 

Data  rate  clock  accompanying  the  receive  data 
(BB). 

L 


TABLE  4-1  (continued) 


Voice  in  Audio  RCA  phono  Audio  input  (to  be  digitized)  from 

Jack  (IN)  tape  recorder 

Voice  Out  Audio  RCA  phono  Audio  output  reconstructed  by  the  ARC 

Jack  (OUT) 


I 


TO  J7  TO  J7 

ARC  1 ARC  2 


LOOPBACK  CONFIGURATION 


TABLE  4-2  CONTROL  SWITCHES 


CONTROL 

LOCATION 

FUNCTION 

POWER  ON/OFF 
switch 

Panel 

Controls  the  application  of  115/230  volts  ac 
power  to  the  dc  power  supply  and  cooling  fan 
motors. 

MODE  Control 
switches 

Location  A6 
switches  1-3 
on  digital  card 

Switch  1.  Controls  bit  rate:  ON  - 16K  bps, 

OFF  - 9.6K  bps. 

Switches 

2 3 

- 

ARC  ON  ON 

MODE  ADM  OFF  ON 

CVSD  OFF  OFF 

LOOPBACK 

switch 

Location  A6 
switch  4 on 
digital  card. 

When  ON  it  internally  connects  the  transmitter 
output  to  the  local  receiver  input.  If  the  ex- 
ternal clock  (DB)  is  available  on  the  MIL  188 
connector  (J7)  it  may  be  used  for  transmit  and 
receive  timing  via  the  slide  switch  on  the 
digital  card.  The  effect  of  the  loopback 
switch  at  the  EIA  interface  is  to  loop  BB  to 
BA  and  DD  to  DA  (see  Figure  4-2). 

Output  CLOCK 

Location  C21 
o7'  digital 
card 

When  this  slide  switch  is  in  the  FORWARD  posi- 
tion the  internal  clock  (DA)  is  used  for  trans- 
mit output  timing.  The  externally  supplied 
clock  (DB)  is  used  when  the  switch  is  in  the 
AFT  position. 

Tape  Recorder 
IN  and  OUT 
switches 

Panel 

These  switches  connect  either  the  tape  recorder 
jacks  (ON)  or  the  handset  (OFF)  to  the  digitizer 

FIFO 

Reset  switch 

Location  A6 
Switch  2 
of  smaller 
switch  dip 

Used  to  reset  FIFO  buffers  after  power  is 
applied . 
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The  dip  switches  mounted  on  the  digital  card  allow  selection  between  dif- 
ferent modes  of  operation,  i.e.,  ARC,  CVSD,  ADM  and  internal/external  transmit 
clock.  A FIFO  reset  switch  is  also  provided. 

4.3  OPERATING  PROCEDURE 

Operating  the  experimental  models  of  the  speech  digitizer  is  very  simple 
since  an  initial  handshaking  or  synchronization  procedure  is  not  required.  The 
following  steps  may  be  followed: 

1.  Connect  the  Speech  Digitizer  to  a modem  via  a straight  through  MIL  188 
cable  to  J7  or  another  ARC  through  the  crossover  cable  shown  in  Figure  4-1.. 

2.  Switch  the  telephone  handset  on  (Tape  Recorder  off)  or  connect  a tape- 
recorder  output  to  the  RCA  phono  jack  marked  IN  (Tape  Recorder  ON). 

3.  Select  the  proper  transmission  rate  (9.6/16  kb/s)  and  mode  by  pressing 
the  RATE  rocker  dip  switches  on  the  digital  card  to  the  appropriate  position  (see 
Table  4-2) . 

4.  Depress  the  FIFO  reset  switches  momentarily. 

5.  Talk  normally  into  handset. 
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SECTION  5 


ACCEPTANCE  TEST  PROCEDURE 


5.1  GENERAL 

All  12  sets  of  equipment  as  described  in  section  2.1.1  of  Statement  of  Work 
Contract  DCA  100-76-C-0026  shall  meet  the  criteria  of  section  3.1  of  the  Statement 
of  Work  in  that  all  units  shall  be  superior  or  equal  in  performance  to  the  "Explora- 
tory Development"  modules  developed  under  DCA  Contract  DCA  100-74-C-0053. 

Prior  to  shipment  by  the  contractor  to  DCA  all  units  will  be  evaluated  utili- 
aing  a tape-recorded  segment  of  spoken  English  by  each  of  a number  of  different 
speakers,  male  and  female.  Additionally  full  electrical  and  mechanical  inspection 
shall  be  performed  to  ensure  correct  functioning  of  all  modes  in  all  units. 

At  DCA  this  tape  will  be  used  to  verify  that  all  units  are  superior  or  equal 
to  the  exploratory  development  module.  This  test  will  be  witnessed  by  DCA  for  the 
purpose  of  determining  the  acceptability  of  these  units  per  the  Statement  of  Work 
mentioned  above.  In  addition,  the  correct  functioning  of  the  additional  operating 
modes  will  be  demonstrated. 

5.2  PROCEDURE 

1.  Power  on  both  exploratory  development  module  and  unit  to  be  evaluated: 

2.  Set  both  units  to  ARC  Mode  at  16  KB  and  place  units  in  loopback  (see  oper- 
ation section) 

3.  Run  tape  segment  through  exploratory  development  module  and  monitor  audio 
signal  quality. 

4.  Run  same  tape  segment  through  unit  to  be  evaluated  and  compare  quality. 

5.  Set  both  units  to  ARC  mode  at  9.6  KB. 

6.  Run  tape  segments  again  and  compare  quality. 


7.  In  addition,  run  unit  to  be  evaluated  in  CVSD  and  ADM  modes  at  9.6  KB  and 
16  KB  and  monitor  quality. 

8.  Test  handset  on  unit  to  be  evaluated  by  turning  off  tape  recorder  input 
and  output  switches  and  speaking  into  handset  normally. 

9.  To  verify  MIL  188  interface  function  on  units  to  be  evaluated,  use  cross- 
over cable  as  described  in  operation  section.  With  units  out  of  loopback  pass  data 
from  one  unit  to  the  other  and  monitor  quality. 
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PARTS  LIST 


6.1 


GENERAL 

This  section  provides  a list  of  replaceable  parts  for  the  Codex  speech  digitizer. 


s 


ARC  CARRYING  CASE 


Part  No. 

Description 

Qty 

SK4066 

Carrying  Case 

1 

65000C2 

' Handset,  Black 

1 

TR202-1 

Power  Supply 

1 

SK4067 

Chassis 

1 

SR-11-2 

Strain,  Relief 

1 

SR-4N-4 

Strain,  Relief 

2 

SK4068 

Plate,  Component 

1 

SK4069 

Mtg.  Strap 

2 

45-000-S-H 

Circuit,  Breaker 

1 

9223-SS-140-0 

Spacer  (.19  Lg.) 

2 

6 x 3/4  Type  B 

Pan  Hd.  Screw 

2 

8 x 3/4  Type  B 

Flat  Hd.  Screw 

4 

SK4070 

Barrier,  Plate 

1 

22-01-2251 

P.C.  Connector 

2 

08-56-0110 

Contact,  Crimp 

2 

1-87175-7 

Housing 

2 

1-87175-9 

Housing 

1 

1-87175-5 

Housing 

1 

7201-P3-P-D-2-0 

Switch  (DPDT) 

2 

33-804 

Phone  Jack 

2 

17-304-01 

Connector,  25  Pin 

1 

17-763-02 

Contact 

8 

2252 

Grommet 

1 

8094-N-0440 

Standoff 

4 

106821-603 

Microphone 

1 

87165-1 

Contact,  Crimp 

22 

324597 

Term.  Slotted 

4 

ARC  ANALOG 


Part  No. 

Description 

Qty 

35867-01 

Circuit  Card 

l 

NA55D3830F 

383-Ohm- 1/8W  1% 

2 

NA55D3241F 

3.24K  1/8W  1% 

2 

NA55D1302F 

13. OK  1/8W  1% 

2 

NA55D9531F 

9.53K  1/8W  1% 

2 

NA55D49R9F 

49.9-Ohm  1/8W  1% 

2 

RC07GF102J 

IK  1/4W  5% 

3 

RC07GF301J 

300-0hm  1/4W  5% 

1 

NA55D1002F 

10K  1/8W  1% 

5 

NA55D2372F 

23. 7K  1/8W  1% 

2 

NA55D1692F 

16. 9K  1/8W  1% 

2 

NA55D1332F 

13. 3K  1/8W  1% 

4 

NA55D2052F 

20. 5K  1/8W  1% 

2 

NA55D3322F 

33. 2K  1/8W  1% 

2 

NA55D2672F 

26. 7K  1/8W  1% 

2 

NA55D1242F 

12. 4K  1./8W  1% 

2 

NA55D2742F 

27. 4K  1/8W  1% 

2 

NA55D3922F 

39. 2K  1/8W  1% 

2 

NA55D2002F 

20K  1/8W  1% 

4 

NA55D8661F 

8.66K  1/8W  1% 

2 

NA55D1872F 

18. 7K  1/8W  1% 

2 

NA55D2612F 

26. IK  1/8W  1% 

2 

NA55D1303F 

130K  1/8W  1% 

2 

NA55D6491F 

6.49K  1/8W  1% 

2 

NA55D6342F 

63. 4K  1/8W  1% 

2 

NA55D4532F 

45. 3K  1/8W  1% 

1 

r 

[ 

i- 


Part  No. 

Description 

NA55D6492F 

64. 9K  1/8W  1% 

NA55D4122F 

41. 2K  1/8W  1% 

NA5SDD2552F 

25. 5K  1/8W  1% 

NA55DD8252F 

82. 5K  1/8W  1% 

NA55DD1132F 
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Integrated,  Circuit  2 
Integrated,  Circuit  1 
Integrated,  Circuit  12 
Integrated,  Circuit  1 
Voltage  Regulator  12V  1 
Socket,  24  Contact  1 
Conn.  Wafer  23  Cir.  . 1 
Header  Assy,  8 Pos.  2 
Header  Assy,  2 Pos.  1 
Header  Assy,  4 Pos.  1 
Terminal,  Turret  21 
Wire,  Jumper  (Fancourt)  8 
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Integrated,  Circuit 

7 

SN74LS195 

Integrated,  Circuit 

4 

SN74S287 

Integrated,  Circuit 

2 

SN74C89 

Integrated,  Circuit 

3 

SN74H183 

Integrated,  Circuit 

1 

SN74S471 

Integrated,  Circuit 

2 

AM2841 

Integrated,  Circuit 

5 

82S123 

Integrated,  Circuit 
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